PCX 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ : 

A61K 31/52, C07D 473/40, 473/38, 
473/36, 473/34, 473/32, 473/30, 473/24, 
473/22, 473/20, 473n8, 473/16, 473/04 



Al 



(11) InternaUonal Publication Number: WO 98/05335 

(43) International Publication Date: 12 February 1998 (12.02.98) 



(21) International Application Number: 

(22) International Filing Date: 



PCr/US97/13386 
1 August 1997 (01.08.97) 



(30) Priority Data: 

08/692,012 



2 August 1996 (02.08,96) 



US 



(60) Parent Application or Grant 
(63) Related by Conlinuation 
US 

Filed on 



08/692,012 (CIP) 
2 August 1996 (02.08.96) 



(71) Applicant {for all designated States except US): CV THERA- 
PEUTICS. INC. lUS/US]; 3172 Porter Drive. Palo Alto. CA 
94304 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): LUM. Robert. T. 
(GB/USj; 78 r Ban-on Avenue, Palo Alto. CA 94306 
(US). BLUM. Cheri. Lynn [US/US]; 3005 Madison Street, 
Alameda. CA 94501 (US). MACKMAN, Richard [US/US]; 
1800 San Carlos Avenue. San Carlos. CA 94070 (US). 
WICK. Michael. M. [US/USJ; 16 Bcresford Road. Chestnut 



Hill. MA 02146 (US). SCHOW. Steven. R. [US/USJ; 204 
Mendocino Way. Redwood City. CA 94065 (US). 

(74) Agent: HUGHES, A., Blair. McDonnell Bochnen Hulbcrt & 
Berghoff, 300 South Wacker Drive, Chicago. IL 60606 
(US). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB. BG. BR. 
BY. CA, CH, CN. CU. C2, DE, DK, EE. ES. Fl. GB. GE. 
HU, IL. IS, JP, KE, KG, KP, KR, K2. LC, LK. LR, LS, LT, 
LU LV. MD. MG, MK, MN, MW, MX. NO, NZ, PL. PT. 
RO' RU, SD. SE, SG. SI, SK. TJ, TM, TR, TT. UA, UG. 
us' UZ, VN, ARIPO patent (GH, KE, LS, MW, SD. SZ, 
UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD. 
RU TJ. TM). European patent (AT. BE, CH, DE, DK, ES, 
Fl ¥R GB, GR, IE, IT. LU, MC, NL, PT, SE), OAPI patent 
(BP, BJ, CF. CG, CI. CM. GA, GN, ML. MR, NE, SN, TD. 
TG). 



Published 

With international search report. 



(54) Titie: PURINE INHIBITORS OF CYCLIN DEPENDENT KINASE 2 AND IicB-a 
(57) Abstract 

A 2,6,9-trisubstittJied purine composition that is useful for inhibiting cell proliferative disorders and as an antifungal agent. 



FOR THE PURPOSES 



OF INFORMATIOS ONLY 



codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 

. SI Slovenia 



AL 


Albania 


AM 


Annenia 


AT 


Austria 


AU 


Australia 


AZ 


Aierbaijai 


BA 


Bosnia and Herzegovina 


BB 


Baib&dos 


BE 


Belgium 


BF 


Burfcina Faso 


BG 


Bulgaria 


BJ 


Benin 


BR 


Brazil 


BY 


Belanis 


CA 


Canada 


CF 


Central African Republic 


CC 


Congo 


CH 


Switzerland 


a 


C6te d'lvoire 


CM 


Cameroon 


CN 


China 


CU 


Cuba 


cz 


Ciech Republic 


DE 


Germ any 


DK 


Denmark 


EE 


Esumia 



BS 

n 

FR 

GA 

GB 

GE 

GH 

GN 

GR 

HU 

IB 

IL 

IS 

IT 

JP 

KB 

KG 

KP 

KR 

KZ 

LC 

LI 

LK 

LR 



Spain 
Fniland 
France 
Gabon 

United Kingdom 

Georgia 

Ghana 

Guinea 

Greece 

Hungary 

Ireland 

Urael 

Iceland 

Italy 

Japan 

Kenya 

Kyrgyzstan 

Democratic People's 

Republic of Korea 

Republic of Korea 

Kazakstan 

Saint Lucia 

Liechtenstein 

Sri Lanka 

Liberia 



LS 
LT 
LU 
LV 
MC 
MD 
MG 
MK 

ML 

MN 

MR 

MW 

MX 

NE 

NL 

NO 

NZ 

PL 

PT 

RO 

RU 

SD 

SE 

SG 



Lesotho 
Lithuania 
Luxembourg 
Latvia 
Monaco 

Republic of Moktova 

Madagascar 

The former Yugoslav 

Republic of MKedonta 

Mali 

Mongolia 

Mauritania 

Malawi 

Mexk» 
Niger 

Netherlands 

Norway 

New Zealand 

Poland 

Portugal 

Romania 

Russian Federation 
Sudan 
Sweden 
Singypoie 



SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


SZ 


Swaziland 


TO 


Chad 


TC 


Togo 


TJ 


Tajikinan 


TM 


Turkmenistan 


TR 


Turkey 


XT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United Stales of America 


uz 


Uzbekistan 


VN 


Vict Nam 


YU 


Yugoslavia 


zw 


Zimbabwe 



wo 98/05335 



PCT/US97/13386 



PURINE INHIBITORS OF CYCLIN 
DEPENDENT KINASE 2 and IicB-a 

5 

BACKGROU ND OF THE INVENTION 

This is a coniinuation-in-part of co-pending U.S. Patent Application Serial No. 

10 08/692,012 filed August 2, 1996. 
(1) Field of the InventioD 

This invention concerns 2,6,9-trisubstituted purines that have been discovered to be 
selective inhibitors of cell cycle kinases and, as such, the compounds are inhibitors of cell 
proliferation. The 2,6,9-trisubstituted purines are useful in for example in - treating 

15 autoinunune diseases, e.g. rheumatoid arthritis, lupus, type I diabetes, multiple sclerosis, etc., 
in treating cancer, cardiovascular disease, such as restenosis, host vs graft disease, gout, 
polycystic kidney disease and other proliferative diseases whose pathogenesis involves 
abnormal cell proliferation. 

This invention also concerns 2,6,9-trisubstituted purines that have been discovered to 

20 be potent and specific inhibitors of iKB-a kinase which prevents signal induced NF-kB 
activation and cytokine synthesis in vitro and in vivo. Such inhibitors are expected to inhibit 
the synthesis of cytokines and adhesion proteins whose synthesis is transcriptionally regulated 
by NF-kB. Proinflammatory cytokines such as lL-1, lL-6, TNF and adhesion proteins (e.g. 
ICAM, VCAM and selections) belong to this class of molecules and have been implicated in 

25 the pathogenesis of inflammatory diseases. Thus a potent inhibitor of l!cB-a kinase is useful 
in the clinical management of diseases where NF-kB activation is required for disease 
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induction. 

(2) Description of the Art 

In the past few years, advances in molecular and cellular biology have contributed to our 
understanding of the mechanisms of cell proliferation and of specific events that occur during 
5 progression of cells through mitosis. E.g., "Progress in Cell Cycle Research" Vol 1, Eds, L. 
Meijer, S. Guidet and H.Y.L. Tung; Plenum Press, New York, 1995. These studies have 
shown that progression through the cell cycle is controlled by a family of serine/threonine 
kinases called cyclin dependent kinases. These enzymes contain (a) a catalytic protein called 
cyclin dependent kinase (CDK) that uses ATP as a substrate and (b) a regulatory protein 
10 called cyclin. Different cyclin-CDK combinations control events such as growth, DNA 
replication and cell division. One key member of the CDK family of enzymes is CDK2. 
CDK2 activity has been shown to be essential for manunalian cell cycle progression at the 
Gl/S boundary. Microinjection of antibodies directed against CDK2 blocks the progression 
of human diploid fibroblasts into the S phase of the cell cycle. Expression of a CDK2 
15 dominant negative mutant in human osteosarcoma cells has a similar effect. Together, these 
studies indicate that inhibition of cellular CDK2 activity will prevent progression of cells 
through the mitotic cycle and induce growth arrest prior to the S phase. Consistent with this 
view, in vitro studies with olomoucine (2-(hydroxyethylamino)-6- 
benzylamino-9-methylpurine), have shown that it is a specific inhibitor of CDK2 with an IC50 
20 of approximately 2.1 ng/ml J. Vesely, et al.; Eur. J.Biochem 224, 771-786 (1994), L. Meijer 
"Chemical Inhibitors of Cyclin-Dependent Kinases" pp 351-356 in "Progress in Cell Cycle 
Research Vol 1, Eds, L. Meijer, S. Guidet and H.Y.L. Tung; Plenum Press, New York, 1995. 
In vivo studies using mammalian cells in culture have shown that olomoucine inhibits cell 
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proliferation at an approximate concentration of SO [tg/ml. 

In this invention, we have developed several compounds whose biological activity is 
considerably more potent than olomoucine. In vivo studies using mammalian cells indicate 
that some of the disclosed compounds inhibit cell proliferation at concentrations that are 

5 significantly lower than olomoucine. 

Recently an iKB-a kinase activity has been described in the cytoplasm of stimulated 
human umbilical vein endothelial cells (Bennett et al (1996) J. BioLChem 271, 19680- 
19688). Some of the compounds of this invention have been identified as potent and 
specific inhibitors of iKB-a kinase which prevents signal induced NF-kB activation and 

10 cytokine synthesis in vitro and in vivo. The activation of the heterodimeric transcription 
factor NF-kB is a complex process. In unstimulated cells, the NF-kB (p50/p65) 
heterodimer is located in the cytosol where it is complexed with an inhibitory subunit IkB- 
a, iKB-a, binds to NF-kB thus masking its nuclear localization signal and preventing 
translocation to the nucleus. Upon stimulation of cells with a variety of signals (e.g. 

15 lipopolysaccharide) IkB-u is rapidly phosphorylated, uniquiiinated and degraded by the 
proteasome. Degradation of iKB-a, allows the translocation of NF-kB to the nucleus 
where it activates transcription of a number of inflammatory response genes. 

These observations suggest that kB-a kinase is an attractive target for the 
identification of inhibitors that may be useful in the treatment of inflammatory diseases 

20 where NF-kB activation is required for disease induction. 



3 
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SVMMARY Of THE INVENTION 



It is an object of this invention to provide 2,6,9-trisubstituted purine compounds, 
which inhibit the cycUn dependent kinase 2. 

It is another object of this invention to provide 2,6,9-trisubstituted purine compounds 
which are useful for inhibiting cell proliferation. 

This invention also constitutes a pharmaceutical composition, which comprises a 
2,6,9-trisubstituted purine compound and a phannaceutically acceptable carrier. 

This invention further constitutes a method for inhibiting cell proliferation, which 
comprises administering to a mammal in need thereof an effective amount of a 2,6,9- 
trisubstituted purine compound. 

In one embodiment, this invention is A 2,6,9-trisubstimted purine composition of 
matter having the following formula: 



0 




2 



2 



(I) 
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where X is a amino, oxo, thio, or sulfone moiety; 

R, is halogen or wherein X is an aniino, oxo, thio, or sulfone moiety. X is 
preferably amino. 

R,' is a lower alkyl, substituted lower alkyl. cycloalkyl, substituted cycloalkyl, 
5 cycloheteroalkyl, substituted cycloheteroalkyl, aryl, substituted aryl, heterocycle, hetaryl, 
substituted hetaryl, aralkyl, heteroaralkyl, heteroalkyl, alkyl alkenyl, alkyl alkynyl, alkyl 
cycloalkyl, or alkyl cycloheteroalkyl, each having from 1 to 20 carbon atoms; 

R2 is hydrogen, lower alkyl, substituted lower alkyl. cycloalkyl, substituted 
cycloalkyl, aryl, substituted aryl. heterocycle, hetaryl, substituted hetaryl. aralkyl, 
10 heteroaralkyl, heteroalkyl, alkyl alkenyl, alkyl alkynyl, alkyl cycloalkyl, or alkyl 
cycloheteroalkyl; 

Rj is halogen, hydroxyl, thio, alkoxy, alkylthio, lower alkyl, -NR^R 5 or a component 
having the formula; 



20 where m=l-3, n=l-3, and o=l-3; Y^carbonyl, -NR4R5, hydroxyl, thiol, alkoxy, 
alky thio, and wherein R4 and R5 are each (independently) selected from the group including 
hydrogen, lower alkyl, substinited lower alkyl, alkoxy, amino, araido, carboxyl, cycloalkyl, 



15 
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substituted cycloalkyl, heterocycle. cycloheteroalkyl. substituted cycloheteroalkyl. acyl. 
aryl. substituted aryl, aryloxy. hetaryl, substituted hetaryl, aralkyl, heteroaraikyl, alkyl 
alkenyl. alkyl alkynyl. alkyl cycloalkyl, alkyl cycloheteroalkyl. or cyano; having from 1 to 
20 carbon atoms, and preferably form 2 to 6 carbon atoms. Furthermore, when Y is 
5 carbonyl, R', does not exist in the composition. R/' and Rj" may be a single oxygen atom 
and R«"' and R5'*' may be a single oxygen atom. R4 and R, are preferably the same or 
different substituted lower alkyl having 2 to 6 carbon atoms and preferably CH, CHjOH, 
CH,HC (CHj) OH and mixtures thereof. There are some limitations to the scope of Rj, R,'. 
Rj, Rj when Rj is 2-hydroxyethylamino and R^ is methyl. R,'-X cannot be amino. 
10 3-methyl-2-butenylamino, benzylamino, or 3-hydroxybenzylamino. When R, is 
2-hydroxyethylamino and is isopropyl. R,'-X is not benzylamino. 3- 
hydroxybenzylamino, or 3-methylbutylamino. When R, is 2-hydroxyethylamino and Rj is 
2-hydroxyethyl. R,'-X cannot be benzylamino. When R3 is selected from the group 
consisting of 2-propanol-2-methylamino and 2-dimethylaminoethylamino and R, is methyl, 
1 5 then R, '-X cannot be benzylamino. 

In another embodiment, this invention is a method for inhibiting cell proliferation 
in mammals comprising administering a therapeutically effective amoum of the composition 
of claim 1 to the mammal. The method is useful for treating cell proliferation disorders such 
at rheumatoid arthritis, lupus, type I diabetes, multiple sclerosis, cancer, restenosis, host 

20 graft disease, and gout. 

In yet another embodiment, this invention is a pharmaceutical composition of matter 
comprising the composition above in an adraixoire with one or more pharmaceutical 
excipients. 



1 
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In Still another embodiment, this invention is a composition usefiil for treating fungal 
infections (fungi) in humans, animals, and in plants. 



n 
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DESCRIPTION OF THE FIGURE 

Figure 1 is a plot of the mean neointimai area of a rat carotid artery treated with a 
saline vehicle and treated with compound 3 prepared according to Example 2 wherein the 
unshaded bar represents the untreated section of the carotid artery and the shaded bar 
s represents the treated section of the carotid artery. 
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DESCRIPTION OF THE CURRENT EMBODIMENT 

The present invention relates to a 2,6,9-trisubstimted purine compound having the 
following formulas: 





(D 



where: 

R, is halogen or R,' -X wherein X is a amino, oxo, thio, or sulfone moiety. X is 
10 preferably amino. 

R,' may be a lower alkyl, substituted lower alkyl, cycloalkyl, substituted cycloalkyl, 
cycloheteroalkyi, substituted cycloheteroalkyi, aryl, substituted aryl, heterocycle. hetaryl, 
substituted hetaryl, aralkyl, heteroaralkyl, heteroalkyl, alkyl alkenyl, alkyl alkynyl, alkyl 
cycloalkyl, or alkyl cycloheteroalkyi, each having from 1 to 20 carbon atoms. R,' is 
15 preferably CH^-aryl, CH,- substituted aryl, 4-methoxybenzyl, 4-chlorobenzyl, 4-nitro benzyl, 
4-(2-pyridinyl) benzyl, aryl, substituted aryl, 3-thiomethoxyphenyK or 4-thiomethoxyphenyl. 

R, may be hydrogen, lower alkyl, substituted lower alkyl, cycloalkyl, substituted 
cycloalkyl, aryl, substituted aryl, heterocycle, hetaryl, substituted hetaryl, aralkyl, 
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heteroaralkyl. substituted hcteroaralkyl, hcteroalkyl, alkyl alkenyl, alkyl alkynyl, alkyl 
cycloalkyl, or alkyl cycloheteroalkyl where the hydrocarbon compounds have from 1 to 20 
carbon atoms. R2 is preferably isopropyL 

is halogen, hydroxyl, thio, alkoxy, alkylthio, lower alkyl, -NR4R5 or a component 

5 having the formula: 




where m=l-3, n=l-3, o=l-3. Y=carbonyl. -NR^R,, hydroxyl. thiol, alkoxy. alkythio, and 
wherein R, and R, are each selected from the group including hydrogen, lower alkyl, 
substituted lower alkyl, alkoxy. amino, amido. carboxyl, cycloalkyl. substituted cycloalkyl, 
10 hctcrocycle, cycloheteroalkyl, substituted cycloheteroalkyl, acyl, aryl, substituted aryl. 
aryloxy, hetaryl. substituted hetaryl, aralkyl, heteroaralkyl, alkyl alkenyl, alkyl alkynyl, alkyl 
cycloalkyl, alkyl cycloheteroalkyl, or cyano having from 1 to 20 carbon atoms, and preferably 
from 2 to 6 carbon atoms. Furthermore, when Y is carbonyl. K\ does not exist in the 
composition. R^ ' and R," may be a single oxygen atom and Rr and R, " may be a single 
15 oxygen atom. R, and R, are preferably the same or different substituted lower alkyl having 
from 2 to 6 carbon atoms including -CH, CH ,0H and -CH,CH(CH,)OH. 

There are some limitetions to the scope of R,. R,', R, and R,. When R, is 
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2-hydroxyethylamino and R, is methyl, Rj'-X cannot be amino, 3-methyl-2-butenylamino, 
benzylamino, or m-hydroxybenzyl-amino. When Rj is 2-hydroxyethylamino and Rj is 
isopropyl, R,'-X cannot be benzylamino, m-hydroxybenzylamino, or 3-methylbutylamino. 
When R 3 is 2-hydroxyethylamino and R , is 2-hydroxyethyl, R,'-X cannot be benzylamino. 
When R3 is 2-propanol-2-methylamino or 2-dimethylaminoethylamino and R, is methyl, R,'- 
X cannot be benzylamino. 

The following are definitions for certain terms used herein. 

"Halogen" refers to fluorine, bromine, chlorine, and iodine atoms. 

"Hydroxy!" refers to the group -OH. 

"Thiol" or "mercapto" refers to the group -SH. 

"Lower alkyl" refers to a cyclic, branched or straight chain, alkyl group of one to ten 
carbon atoms. This term is further exemplified by such groups as methyl, ethyl, n-propyl, i- 
propyl, n-butyl, t-butyl, i-butyl (or 2-methylpropyl), cyclopropylmethyl, i-amyl, n-amyl, hexyl 
and the like. 

"Substituted lower alkyl" refers to lower aikyl as just described including one or more 
groups such as hydroxyl, thiol, alkylthiol, halogen, alkoxy, amino, amido, carboxyl, 
cycloalkyl, substituted cycloalkyl, heterocycle, cycloheteroalkyl, substituted cycloheteroalkyl, 
acyl, carboxyl, aryl, substituted aryl, aryloxy, hetaryl, substituted hetaryl, aralkyl, 
heteroaralkyl, alkyl alkenyl, alkyl alkynyl, alkyl cycloalkyl, alkyl cycloheteroalkyl, cyano. 
These groups may be attached to any carbon atom of the lower alkyl moiety. 

"Alkyl alkenyl" refers to a group -R-CR'-CR'" R"", where R is lower alkyl, or 
substituted lower alkyl, R', R"\ R""may independently be hydrogen, halogen, lower alkyl, 
substituted lower alkyl, acyl, aryl, substituted aryl, hetaryl, or substituted hetaryl as defined 
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below. 

"Alkyl alkynyl" refers to a groups -RCaiCR' where R is lower alkyl or substituted 
lower alkyl. R' is hydrogen, lower alkyl. substituted lower alkyl. acyl, aryl, substituted aryl. 
hetaryl, or substituted hetaryl as defined below. 

"Alkoxy" denotes the group -OR, where R is lower alkyl. substituted lower alkyl, acyl, 
aryl. substituted aiyl, aralkyl, substituted aralkyl, heteroalkyl, heteroarylalkyl, cycloalkyl. 
substituted cycloalkyl. cycloheteroalkyl. or substituted cycloheteroalkyl as defined. 

"Alkylthio" denotes the group -SR. -S(0)..,.rR. where R is lower alkyl. substituted 
lower alkyl, aryl. substituted aryl, aralkyl or substituted aralkyl as defined herein. 

"Acyl" denotes groups -C(0)R, where R is hydrogen, lower alkyl substituted lower 
alkyl, aryl, substituted aryl and the like as defined herein. 

"Aryloxy" denotes groups -OAr, where Ar is an aryl, substituted aryl, heteroaryl, or 
substituted heteroaryl group as defined herein. 

"Amino" denotes the group NRR', where R and R' may independently by hydrogen, 
lower alkyl. substituted lower alkyl. aryl, substituted aryl, hetaryl. or substituted hetaryl as 

defined herein or acyl. 

"Amido" denotes the group -C(0)NRR\ where R and R' may independently by 
hydrogen, lower alkyl, substituted lower alkyl, an^l, substituted aryl, hetaryl. substituted 

hetaryl as defined herein, 
, "Carboxyr denotes the group -C{OPR, where R is hydrogen, lower alkyl. substituted 

lower alkyl, aryl. substituted aryl, hetaryl, and substituted hetaryl as defined herein. 

"Aryl" or "Ar" refers to an aromatic carbocyclic group having at least one aromatic 
ring ie.g., phenyl or biphenyl) or multiple condensed rings in which at least one ring is 
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aromatic, {e.g., 1,2,3,4-tetrahydronaphthyl, naphthyl, anthryl, or phenanthryl). 

"Substituted aryl" refers to aryl optionally substituted with one or more functional 
groups, e.g., halogen, lower alkyl, lower alkoxy, alkylthio, acetylene, amino, amido, 
carboxyl, hydroxyl, aryl, aryloxy, heterocycle, hetaryl, substituted hetaryl, nitro, cyano, thiol, 
5 sulfamido and the like. 

"Heterocycle" refers to a saturated, unsaturated, or aromatic carbocyclic group having 
a single ring (e.g., raorpholino, pyridyl or furyl) or multiple condensed rings (eg., 
naphthpyridyl, quinoxalyl, quinoiinyl, indolizinyl or benzo[b]thienyl) and having at least one 
hetero atom, such as N, O or S, within the ring, which can optionally be unsubstituted or 
10 substituted with, e.g., halogen, lower alkyl, lower alkoxy, alkylthio, acetylene, amino, amido, 
carboxyl, hydroxyl, aryl, aryloxy, heterocycle, hetaryl, substituted hetaryl, nitro, cyano, thiol, 
sulfamido and the like. 

"Heteroaryl" or "hetar" refers to a heterocycle in which at least one heterocyclic ring is 
aromatic. 

15 "Substituted heteroaryl" refers to a heterocycle optionally mono or poly substituted 

with one or more functional groups, e.g., halogen, lower alkyl, lower alkoxy, alkylthio, 
acetylene, amino, amido, carboxyl, hydroxyl, aryl, aryloxy, heterocycle, substituted 
heterocycle, hetaryl, substituted hetaryl, nitro, cyano, thiol, sulfamido and the like. 

"Aralkyl" refers to the group -R-Ar where Ar is an aryl group and R is lower alkyl or 

20 substituted lower alkyl group. Aryl groups can optionally be unsubstituted or substituted 
with, e.g., halogen, lower alkyl, alkoxy, alkylthio, acetylene, amino, amido, carboxyl, 
hydroxyl, aryl, aryloxy, heterocycle, substituted heterocycle, hetaryl, substituted hetaryl, nitro, 
cyano, thiol, sulfamido and the Uke. 
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**HeterpalkyI" refers to the group -R-Het where Het is a heterocycle group and R is a 
lower alkyl group. Heteroalkyl groups can optionally be unsubstituted or substituted with 
e.g., halogen, lower alkyl, lower alkoxy, alkylthio, acetylene, amino, amido, carboxyl, aryl, 
aryloxy, heterocycle, substituted heterocycle, hetaryl, substituted hetaryl, nitro, cyano, thiol, 
suifamido and the like. 

"Heteroarylalkyl" refers to the group -R-HetAr where HetAr is an heteroaryl group 
and R lower alkyl or substituted lower alkyl. Heteroarylalkyl groups can optionally be 
unsubstituted or substituted with, e.g., halogen, lower alkyl, substituted lower alkyl, alkoxy, 
alkylthio, acetylene, aryl, aryloxy, heterocycle, substituted heterocycle, hetaryl, substituted 
hetaryl, nitro, cyano, thiol, suifamido and the like. 

"Cycloalkyl" refers to a divalent cychc or polycyclic alkyl group containing 3 to 15 
carbon atoms. 

"Substituted cycloalkyl" refers to a cycloalkyi group comprising one or more 
substituents with, e.g., halogen, lower alkyl, substituted lower alkyl, alkoxy, alkylthio, 
acetylene, aryl, aryloxy, heterocycle, substituted heterocycle, hetaryl, substituted hetaryl, 
nitro, cyano, thiol, suifamido and the like. 

"Cycloheteroalkyl" refers to a cycloalkyl group wherein one or more of the ring 
carbon atoms is replaced with a heteroatom (e.g., N. O, S or P). 

"Substituted cycloheteroalkyl" refers to a cycloheteroalkyl group as herein defined 
which contains one or more substituents, such as halogen, lower alkyl, lower alkoxy, 
alkylthio, acetylene, amino, amido, carboxyl, hydroxyl, aryl, aryloxy, heterocycle, substituted 
heterocycle, hetaryl, substituted hetaryl, nitro, cyano, thiol, suifamido and the like. 

"Alkyl cycloalkyl" denotes the group -R-cycloalkyl where cycloalkyl is a cycloalkyl 



14 
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group and R is a lower alkyl or substituted lower alkyl. Cycloalkyl groups can optionally be 
unsubstituted or substituted with e.g. halogen, lower alkyl. lower alkoxy, alkylthio, acetylene, 
amino, amido, carboxyl, hydroxyl, aryl, aryloxy, heterocycle, substituted heterocycle, hetaryl, 
substituted hetaryl, nitro, cyano, thiol, sulfamido and the like. 

"Alkyl cycloheteroalkyr* denotes the group -R-cycloheteroalkyl where R is a lower 
alkyl or substituted lower alkyl. Cycloheteroalkyl groups can optionally be unsubstituted or 
substituted with €,g, halogen, lower alkyl, lower alkoxy, alkylthio, amino, amido, carboxyl, 
acetylene, hydroxyl, aryl, aryloxy, heterocycle, substituted heterocycle, hetaryl, substituted 
hetaryl, nitro, cyano, thiol, sulfamido and the like. 

If the final 2,6,9-trisubstituted purine compound of this invention contains a basic 
group, then an acid addition salt of the composition may be prepared. Acid addition salts of 
the compounds of this invention are prepared in a standard manner in a suitable solvent from 
the parent compound and an excess of acid, such as, but not limited to, hydrochloric, 
hydrobromic, sulfuric, phosphoric, acetic, maleic, succinic, or methanesulfonic. The 
hydrochloric salt form is especially useful. 

If the final 2,6,9-trisubstituted purine compound contains an acidic group, then 
cationic salts of the composition may be prepared. Typically the acidic parent compound is 
treated with an excess of an alkaline reagent, such as, but not limited to, hydroxide, carbonate 
or alkoxide, containing the appropriate cation such as but not limited to, Na*, K", Ca% and 
NH4* Certain of the compounds form inner salts or zwitterions which are also 
acceptable. 

The compounds of this invention are useful in inhibiting cell proliferation in mammals 
including humans. The 2,6,9-trisubstituted purines are useful in for example in treating 
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autoimmune diseases, e.g. rheumatoid arthritis, lupus, type 1 diabetes, multiple sclerosis, etc., 
in treating cancer, cardiovascular disease such as restenosis, host vs graft disease, gout, 
polycystic kidney disease and other proliferative diseases whose pathogenesis involves 
abnormal cell proliferation. 
5 The method of treatment comprises the administration parenterally, and orally, of an 

effective quantity of the chosen compound of this invention, preferably dispersed m a 
pharmaceutical carrier. TherapeuticaUy useful amounts of the composition of this invention 
will generally range from about 0.01 to about 100 mg/kg, but will be readily determined 
by one skilled in the art depending upon the route of administration, and the age and condition 
10 of the patient. Therapeutically usefiil amounts of the composition of this invention may be 
administered from one to ten times daily or more for acute or chronic disease. No 
unacceptable toxicological effects are expected when compounds of the invention are 
administered in accordance with the present invention. 

The compounds of this invention are also useful as antiinflammatory and antifungal 
15 agents. As such, the compositions of this invention are usefiil for treating antiinflammatory 
and fungal infections in humans, animals, and fungal infections in plants. 

Pharmaceutical compositions including the compounds of this invention, and/or 
derivatives thereof, may be formulated as solutions or lyophilized powders for parenteral 
administration. Powders may be reconstituted by addition of a suitable diluent or other 
20 pharmaceutically acceptable carrier prior to use. If used in liquid form the compositions of 
this invention are preferably incorporated into a buffered, isotonic, aqueous solution. 
Examples of suitable diluents are nonmal isotonic saline solution, standard 5% dextrose m 
water and buffered sodium or ammonium acetate solution. Such liquid formulations are 
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suitable for parenteral administration, but may also be used for oral administration. 

It may be desirable to add excipients such as polyvinylpyrrolidinone, gelatin, 
hydroxycellulose, acaia, polyethylene glycol, mannitol, sodium chloride, sodium citrate or 
any other excipient known to one of skill in the art to pharmaceutical compositions including 

5 compounds of this invention. Alternatively, the pharmaceutical compounds may be 
encapsulated, tableted or prepared in an emulsion or syrup for oral administration. 
Pharmaceutically acceptable solid or liquid carriers may be added to enhance or stabilize 
the composition, or to facilitate preparation of the composition. Liquid carriers include, but 
are not limited to syrup, peanut oil, olive oil, glycerin, saline, alcohols and water. Solid 

10 carriers include, but are not limited to, starch, lactose, calcium sulfate, dihydrate, teffa alba, 
magnesium stearate or stearic acid, talc, pectin, acacia, agar or gelatin. The carrier may also 
include a sustained release material such as, but not limited to, glyceryl monostearate or 
glyceryl distearate, alone or with a wax. The amount of solid carrier varies but, preferably, 
will be between about 20 mg to about 1 gram per dosage unit. 

15 The pharmaceutical dosages are made using conventional techniques such as, but not 

limited to, milling, mixing, granulation, and compressing, when necessary, for tablet forms; 
or milling, mixing and filling for hard gelatin capsule forms. When a liquid carrier is used, 
the preparation will be in the form of a syvxp, elixir, emulsion or an aqueous or 
non-aqueous suspension. Such a liquid fonnulation may be administered directly or filled 

20 into a soft gelatin capsule. 

The Examples which follow serve to illustrate this invention. The Examples are 
intended to in no way limit the scope of this invention, but are provided to show how 
to make and use the compounds of this invention. In the Examples, all 

11 
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temperatures are in degrees Centigrade. RT indicates room temperature. 
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EXAMPLE 1 

The compounds of this invention are prepared by conventional methods of organic 
chemistry. The reaction sequence outlined in the synthesis scheme below is a general method 
useful for the synthesis of compounds of this invention. 2,6-dichloropurine is dissolved in 
butanol and the appropriate R, amine is added. After heating for several hours, the reaction 
mixture is cooled, and the compound 1 is obtained. To compound 1. is added, sodium 
hydride followed by Rj, and compound 2 is isolated. To compound 2, Rj is added in solution 
with N-methylpyrrolidinone. The mixture is heated for an appropriate period followed by 




INaH 
R2 




purification leading to the desired compound. 

The following compound was prepared according to the method above. 

Preparation of 2-chloro-6-(4-inetboxybenzylainino) purine (1). 

The 2,6-dichloropurine (4,06 g, 21,5 mmoi) was suspended in n-butanol (150 ml) and 
the 4-methoxybenzylamine was added (3.4 ml, 26 mmol). The solution turned clear and then 
cloudy a few minutes later. The solution was heated at 120''C for 2 hr and then cooled. The 
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n-butanol was evaporated followed by suspension of the residue in water and diethyl ether 
mixture. A solution of 2N NaOH (1 .3ml, 26 mmol) was added and the solution stirred for 10 
min before filtration. The filtered precipitate was washed with water and a small portion of 
ether and then dried under vacuum. The residual liquor was left overnight and more crystals 
5 were collected the next day and washed with diethyl ether. Yield = 71 %. 

Preparation of 2-chloro-6-(4-methoxybenzylamioo)-9-isopropylpurine (2) 
2-chloro-6-(4-methoxybenzylamino) purine was suspended in dry DMF (5 ml) and 
treated with sodium hydride, 60% dispersion (82 mg, 2.06 nunol). The suspension was 
stirred for 30 min over which time it became a clear yellow/green solution. 2-Iodopropane 
10 (0.280 mL, 1.7 eq.) was added over 5 min and the resultant solution stirred for 2 days. Water 
was added and the solution and extracted with ethyl acetate. The organic layer was 
evaporated to give the product isopropyl purine (Yield = 508 mg, 89%). 

Preparation of 2-diethanolaniino-6*(4-methoxybenzylamino)-9-isopropylpurine, 

(3). 

15 The purine (1.6Sg, 4.98 mmol) was dissolved in DMSO (12 mL) and diethanoiamine 

(4 mL) and then heated at 140*^0 for 2-3 days and then at 160°C for 1 day. The solution was 
cooled and water saturated butanol was added (100 mL). The solution was then washed 
with water (3 x 50 mL), before being evaporated to give a brown oil. The residue was 
chromatographed over silica gel eluting with ethyl acetate, followed by 3% methanol in ethyl 

20 acetate to give the product (Yield = 730 mg, 37%) as a pale yellow oil. Yield =37%. 

'H-NMR(8 CDC13): 7.29(br s IH), 7.25(d, 2H), 6.94(br s. IH), 6.83(d. 2H), 5.43(br s.<2H), 
4.63(br s. 2H), 4.53(m IH), 3.86(t. 4H), 3.76(m, 7H), 1.47(d 6H). 

Table 1 identifies compounds of this invention that were prepared according to the 
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synthesis method set forth in this Example. 

TABLE 1 

CompouDds Prepared By The Method of Example 1 





R2 


R3 


4-methoxyben2ylamino 


3-cyanopropyl 


CI 


4-methoxybenzylamino 


3-chloropropyl 


CI 


4-methoxybenzylamino 


benzyl 


CI 


4-methoxybenzylamino 


Methyl 4-carboxybenzyl 


CI 


4-methoxybenzylamino 


N-phthaloylethyl 


CI 


4-methoxybenzylamino 


isopropyl 


Ethanolamine 


4-methoxybenzylamino 


isopropyl 


Diethanolamine 


4-methoxybcnzylamino 


3-methylbutyl 


CI 


4-methoxybenzylamino 


2-methylpropyl 


CI 


4-methoxybenzylamino 


cyclopentyl 


CI 


4-methoxybenzylamino 


3-nitrobenzyl 


CI 


4-methoxybenzylamino 


4-nitrobenzyl 


CI 


4-methoxybenzylamino 


ethyl 


CI 


4-methoxybenzylamino 


propyl 


CI 


4-methoxybenzylamino 


3-methylbenzyl 


CI 


4-methoxybenzylamino 


4-methylbenzyl 


CI 


heptylamine 


H 


CI 


N-benzylhydroxylamine 


H 


CI 


propylamine 


H 


CI 


noradamantylamine 


H 


CI 


cyclobutylamine 


H 


CI 


3-methoxypropylamine 


H 


CI 


2-methoxyethylamine 


H 


CI 


cyclopentylamine 


H 


CI 
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R,'-X 


R2 


R3 


4-methoxybenzylamino 


Me 


CI 


3-{aminoinethyl) pyridine 


isopropyl 


Ethylenediamine 


4-(aininomethyl)pyridine 


TT 

n 


LI 


6-amino*l-hexanol 


H 


CI 


phenethylamine 


H 


CI 


2-aminobenzothiazole 


H 


CI 


4-methoxybenzylamino 


H 


CI 


3-phenyl-I -propylamine 


isopropyl 


3-pyrroline 


2-aminoindane 


H 


CI 


4-methoxyphenethylamine 


H 


CI 


4-nitrobenzyiamine 


H 


CI 


2,6-difluorobenzylamine 


H 


CI 


3-phenyl- 1 -propylamine 


H 


CI 


2-aminoindane 


Me 


. CI 


4-methoxyphenethylamine 


Me 


CI 


4-nitrobenzylamine 


Me 


CI 


2,6-difluorobenzylamine 


Me 


CI 


aminomethylcyclopropane 


Me 


CI 


piperonylamine 


H 


CI 


1- 

aminomethylbenzenesulfona 
mide 


H 


CI 


aminomethyicyclohexanol 


H 


CI 


2-aminomethylbenzimidazote 


H 


CI 


cyclohexanmethanamine 


H 


CI 


4-methoxybenzylamino 


H 


CI 
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R2 


R3 


4-methoxyben2ylamino 


isopropyl 


Serinol 


aminomethylcyclopropane 


isopropyl 


l,3-Diamino-2- 
hydroxypropane 


piperonylamine 


Me 


CI 


1- 

aminomethyibenzenesulfona 
mide 


Me 


CI 


aminomethylcyclohexanol 


Me 


CI 


2-aininomethylbenziinidazole 


Me 


CI 


cyclohexanmethanamine 


Me 


CI 


3-{aminomethyl)pyridine 


Me 


CI 


4-(aminomethyl)pyridine 


2-methylpropyl 


CI 


6-aniino- 1 -hexanol 


cyclopentyl 


CI 


phenethylamine 


propyl 


CI 


2-aminobenzothiazole 


ethyl 


CI 


3 -phenyl- 1 -propylamine 


isopropyl 


CI 


2-aminoindane 


2-methylpropyl 


CI 


4-methoxyphenethylamine 


cyclopentyl 


CI 


4-nitrobenzylamine 


propyl 


CI 


2,6-difluoroben2yIamine 


ethyl 


CI 


4-methoxybenzylamino 


isopropyl 


CI 


Phenpropylamino 


isopropyl 


4-hvdroxvDiDeridine 


2-aniinoindane 


H 


CI 


2.(4- 

methoxyphenyOethylamino 


H 


CI 


4-nitrobenzylaniino 


H 


CI 


2,6-difluorobenzylamino 


H 


CI 
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K2 


KJ 


4-methoxyben2ylamino 


H 


CI 


4-methoxybenzylamino 


isopropyl 


3-(Benzylamino)propionitrile 


Phenpropylamino 


isopropyl 


(R/S)-Leucinol 


2-aminoindane 


isopropyl 


CI 


2.(4. 

MethoxyphenyOethylamino 


isopropyl 


CI 


4-nitrobenzylamino 


isopropyl 


CI 


2,6-difluoroben2ylamino 


isopropyl 


CI 


4-methoxybenzylaniino 


isopropyl 


CI 


4-inethoxybenzylainino 


isopropyl 


Piperidine 


4.methoxyben2ylamino 


isopropyl 


3-hydroxypiperidine 


Phenpropylamino 


isopropyl 


L-Histidinol 


2-aniinoindane 


isopropyl 


diethanolamine 


4-methoxybenzylamino 


isopropyl 


diethanolamine 


4-methoxybenzylamino 


isopropyl 


(S).{-)-2*pyrrolidinemethanol 


4-methoxybenzylaminp 


isopropyl 


Morpholine 


4.methoxybenzylamino 


benzyl 


diethanolamine 


4-methoxybenzylamino 


3.methylbutyl 


diethanolamine 


4-methoxybenzylamino 


2-methylpropyl 


diethanolamine 


4-methoxybenzylamino 


cyclopentyl 


diethanolamine 


4.methoxybenzylamino 


3-nitrobenzyl 


diethanolamine 


4*methoxybenzylamino 


4-nitrobenzyl 


diethanolamine 


4-methoxybenzylamino 


ethyl 


diethanolamine 


4-methoxybenzylamino 


propyl 


diethanolamine 


4-methoxybenzylamino 


3-methylbenzyl 


diethanolamine 


heptylamine 


4.methylbenzyl 


diethanolamine 



OS 
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R,'-X 


R2 


R3 


N-benzylhydroxylamine 


Me 


diethanolamine 


propylamine 


Me 


diethanolamine 


noradamantylamine 


Me 


diethanolamine 


cyclobutylamine 


Me 


diethanolamine 


3-methoxypropylamine 


Me 


diethanolamine 


2«mcthoxycthylamine 


Me 


diethanolamine 


cyclopcntylamine 


Me 


diethanolamine 


2-aniino-2-methy 1' 1 -propanol 


Me 1 


diethanolamine 


4-amino- 1 -benzylpiperidine 


Me 1 


diethanolamine 


4-methoxyben2ylamino 


Me 


diethanolamine 


4-methoxybenzylamino 


isopropyl 


2-pyrrolidinol 


2,4-diinethoxybenzylamine 


isopropyl 


1 rypiaiTiiiic 


2'methoxybenzylainine 


Me 


1 diethanolamine 


2-{aminomethyl)pyridine 


Me 


diethanolamine 


3,4- 

dimethoxyphenethylamine 
3-(amin6methyl)pyridine 


Me 


1 riiethanolamine 


Me 


diethanolamine 


4-(aminomethyl)pyridine 


Me 


diethanolamine ^ 


6-amiiio- 1 -hexanol 


Me 


diethanolamine 


phenethylamine 


Me 


diethanolamine 


2-aminobenzothiazole 


Me 


diethanolamine 


3-phenyl- 1 -propylamine 


Me 


diethanolamine 


2-aminoindane 


Me 


diethanolamine 


4-melhoxyphenethylamine 


Me 


diethanolamine 


4-nitrobenzylamine 


Me 


diethanolamine 


2,6-difluorobenzylamine 


Me 


diethanolamine 
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R2 


R3 


aminomethylcyclopropane 


Me 


diethanolamine 


piperonylamine 


Me 


diethanolamine 


1- 

aminomethylbenzenesulfona 
mide 


Me 


diethanolamine 


aminomethylcyclohexanol 


Me 


diethanolamine 


2-arainomethylbenzimidazole 


Me 


diethanolamine 


cyclohexanmethanamine 


Me 


diethanolamine 


3-(aminomethyl)pyridine 


Me 


diethanolamine 


4-(aminomethyl)pyridine 


2-methylpropyl 


diethanolamine 


6-amino-l-hexanol 


cyclopentyl 


diethanolamine 


phenethylamine 


propyl 


diethanolamine 


2*aminobeTizothiazole 


ethyl 


diethanolamine 


3-phenyl- 1 -propylamine 


isopropyl 


diethanolamine . 


2-aminoindane 


2-methylpropyl 


diethanolamine 


4-methoxyphenethylaraine 


cyclopentyl 


diethanolamine 


4-nitrobenzyiamine 


propyl 


diethanolamine 


2,6-di fluorobenzy lamine 


ethyl 


diethanolamine 


4-inethoxybenzylamino 


isopropyl 


diethanolamine 


4-methoxybenzyiamino 


isopropyl 


1 -amino- 1 - 
cyclopentanemethanol 


4-methoxyben2ylamino 


isopropyl 


(+.)-2-piperidinemethanol 


cyclopropyl 


isopropyl 


(4-)-3- Amino- 1,2- 
propanediol 


piperonylamino 


isopropyl 


CI 


4-sulfaminobenzylamino 


isopropyl 


CI 


cyclohexanolmethylamino 


isopropyl 


CI 



wo 98/05335 



PCT/US97/13386 





R2 1 


R3 


2-amino bemimidazoio ^ 


isopropyl 


CI 


1 cyclohexylmethylamino 


isopropyl 


CI 


3-phenylpropylamino 


isopropyl 


CI 


cyclopropylmethylamino 


cyclopentyl 


£1 


piperonylamino 


isopropyl 


diethanolamine 


4-methoxybenzylamino 


isopropyl 


diethanolaraine 


4-methoxybenzylamino 


isopropyl 


Disopropylamine 


4-methoxybenzylamino _ 


isopropyl 


Trans-2-aminocyclohexanol 


4-methoxybenzylamino 


isopropyl 




(R)-2-Amino-3-phenyl- 1 - 
propanol 


4-methoxybenzylamino 


isopropyl 




(4S,5S)-(+)-5-amino-2,2- 
dimethyl-4 


4'methoxybenzylamino 


isopropyl 




1 >(3-aminopropyl)tmidazole 


4-methoxyben2ylamino 


isopropyl 




4-hydroxy-4- 
phenylpiperidine 


4-methoxybenzylamino 


isopropyl 


S-Benzyl-L-cysteinol 


4-methoxybenzylamino 


isopropyl 


(■^-)-Epinephrine 


4-methoxybenzylamino 


isopropyl 


Diallylamine 


4-methoxvbenzylamino 


isopropyl 


Piperazine 




4-methoxybenzylamino 


isopropyl 


(+.)- 

(Methylaminomethyl)benzyla 
Icohol 




4-methoxybenzylamino 


isopropyl 


(SH+)-2- 
(Anilinomethyl)pyrrolidme 




4-methoxybenzylamino 


isopropyl 


4-(AllylaminoH-methyl-2- 
pentanol 




4-methoxybenzylamino 

L - 


isopropyl 

1 


3-(2- 

hydroxyethylamine)propan- 
l-ol 
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R,'-X 


R2 


R3 


4-niethoxybenzylamino 


isopropyl 


1 , 1 '-dimethyl- 1 , 1 '-dipropy 1- 
2,2^ 
imidodiethanol 


4-methoxybenzylamino 


isopropyl 


3,3'-iminodi-2-butanol 


4-methoxybenzylamino 


Me 


ethanolamino 


4-chlorobenzyloxy 


H 


CI 


4-chlorobenzyloxy 


Me 


CI 


4-chloroben2ylainino 


Trifluoromethyl 


CI 


4-methoxybeiizylamino 


Trifluoromethyl 


CI 


4-inethoxyben2ylamino 


benzyl 


CI 


4-methoxybenzylamino 


isopropyl 


2-aminoethylamino 


A-mptHnYvhpn7vl Amino 


2-0-TBDMS-ethvl 


diethanolamino 


zL* m liny vh PT1 7V 1 Sim i no 


n erfliioroisonron V 1 


CI 


t-lllClllUAjr UCIlZ^jT laiJIlIlVI 


n erfliioroisonron vl 


diethanolamino 


H~ lu cinu A y u ciizy 1 ainiiiu 


9 - H vH no Y vftt H V I 


di ethanol amino 


i vU IV/ A jr Uwi y loll iiiiv 




1 ,3-diamino-2- 
hydroxpropane 


4-ni ^thn Y vh en TV 1 flin i nn 


isonroDvl 


N-(4-hydroxypiperidino) 


^-in ptViffe Y vhpn 7vl am i nn 

*T lllwl&IVAjr l^wiUijrlcUllUIV 


isonronvl 


N-pyrrolidino 


-f\ll P11 V I TMVM^ V 1 5? m 1 fl O 

J'plidljr ijyl vpjf lailliiiu 


H 


CI 


2-aminoindanyl 


H 


CI 


2-(4-methoxyphenyl) 
ethylamino 


H 


CI 


4-nitrobenzylammo 


H 


PI 


2,6-difluorobenzylamino 


H 




4-methoxybenzylamino 


isopropyl 


N-(2-cyanopropyi;-iN-vj- 
pyridylmethyl)-amino 


4-methoxybenzylamino 


isopropyl 


2-(nyaroxymetnyij-j- 
methvlbutan-2-amino 


3-phenylpropylamino 


isopropyl 


CI 


2-aminoindanyl 


isopropyl 


CI 


2.(4. 

methoxyphenyl)ethylamino 


isopropyl 


CI 


4-nitrobenzylamino 


isopropyl 


CI 


2,6,difluorobenzylamino 


isopropyl 


CI 
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R,'-X 


R2 


R3 


4-bromoani lino 


idopropyi 


CI 


4-bromohen7vlamino 


isopropyi 


diethanolamino 


4-bromoaniiino 


isopropyl 


diethanolamino 


N-nietnyl-4- 
ohenvlbenzvlamino 


isopropyi 


CI 


4-Dhenvlani lino 


idopropyi 


diispropanolamino 


N-methvl-4- 
phenylbenzylamino 


isopropyi 


diethanolamino 


benzylamino 


ethyl 


ethanolamino 


4-methylben2ylamino 


methyl 


ethanolamino 


4-ethylben2ylamino 


methyl 


ethanolamino 


4-bromanlino 


isopropyi 


4-bromoanilino 
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EXAMPLE 2 

This Example describes a method for preparing compounds of this invention. The 
synthesis method disclosed in this Example is only slightly modified flrom that disclosed in 
Example 1. 



H 



butand, A 




R3.A 



N-mothylpyrrolidinone 




The following compound was prepared according to the method above. 
PreparaUon of 2,6-dichloro-9-isopropylpurine (4). 

To a solution of 0.67g of 2,6-dichloropurine in 5mL of dry DMF at room temperature 
, was added 0. 16gms (I. 1 eq.) of SO'/o sodium hydride/oil powder. Upon cessation of 
hydrogen evolution, a large excess (2 mL) of isopropyl iodide was added to the amonic 
solution. This reaction solution was stirred for three days at ambient temperature. The 
reaction was quenched with 30 mL of water and extracted with ethyl acetate (3X50 mL). 
The organic extracts were combined and back washed with 3X50 mL of water 
,5 followed by20mLofbnne. m ethyl acetate solution was dried over anhydrous magnesium 
sulfate and evaporated. The compound was subjected to vanable gradient flash 
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chromatography on silica gel with hexane/ethyl acetate mixtures and yielded 0.37gms of 
desired N-9 product (45%) and O.OSgms of the N-7 isomer(10%). 
Preparation of 2-chloro-6*anilino-9-isopropylpurine (5). 

2,6-dichloro-9-isopropylpurine (0.019 g, 0.081 mmol) was dissolved in butanol (0.5 
5 ml) and aniline (0.044 ml. 0.244 mmol) was added. The reaction mixture was heated to 
IZO^'C for 10 hr, cooled, diluted with EtOAc and washed 3 times with water. The mixture 
was dried over MgS04 and concentrated to an off white solid. 

Preparation of 2-dietbanolamina-6-(4-phenylanilino)-9-isopropylpurine (6). 

A solution of 67mgs of 2,6-dichloro-N-9-isopropylpurine and lOOmgs of 
10 4-phenylaniline in 1 mL of n-octanol was heated to SO^C for 24 hours. The n-octanol was 
removed in vacuo and then replaced with 1 mL of 40% diethanolamine in DMSO. The 
solution was heated at IBO^C for 48 hours. The reaction was cooled to ambient 
temperature then diluted with 10 mL of water and subsequently extracted with ethyl acetate 
(3X30 mL). The organic extracts were combined and back washed with 3X20 mL of water 
15 followed by 10 mL of brine. The ethyl acetate solution was dried over anhydrous magnesium 
sulfate and filtered and the solvent was evaporated. The 65mgs of crude product was 
crystallized from THF-ether solution to yield 28mgs of pure product(23%). 

Table 2 below identifies compounds of this invention that were prepared according to 
the general synthesis method set forth in this Example. 

20 

TABLE 2 



Compounds 1 


Prepared By The Method Ol 


[Example 2 




R2 


R3 


S-aminoquinoline 


isopropyi 


CI 


6-aminoquinoltne 


isopropyi 


Cl 
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R/-X 


R2 


R3 


3-aminoquinoline 


isopropyl 


CI 


anilino 


isopropyl 


CI 


3,5-dinitroaniline 


isopropyl 


CI 


4-butylanihne 


isopropyl 


CI 


8-aminoquinoline 


isopropyl 


diethanolamine 


6-aminoquinoiine 


isopropyl 


dicthanolamine 


3-aminoquinoline 


isopropyl 


diethanolamine 


aniline 


isopropyl 


diethanoiamme 


3,5-dinitroanihne 


isopropyl 


diethanolamine 


4-butylaniltne 


isopropyl 


diethanolamine 


2-amino-6-ethoxybenzothiazole 


isopropyl 


CI 


4-<2-amniomethyl)morpholine 


isopropyl 


CI 


4*( t -aminomethyI)benzenesutfonamide 


isopropyl 


CI 


4-bromoaniline 


isopropyl 


diethanolamine 


3,4-dichloroaniline 


isopropyl 


diethanolamine 


2-(2-aminoethyl)-l-inethylpyrrolidtne 


isopropyl 


diethanolamine 


3*bromoaniline 


isopropyl 


CI 


4-anisidine 


isopropyl 


dicthanolamine 


4-iodoaniiine 


isopropyl 


CI 


3-iodoaniline 


isopropyl 


CI 


m-anisidine 


isopropyl 


CI 


1 -(2-aminoethyI)pipendine 


isopropyl 


diethanoiamme 


1 -(2-aniinoethyl)pyrTolidinc 


isopropyl 


diethaiiotamine 


l-aminoindane 


isopropyl . 


diethanolamine 


2*amino-6>ethoxybenzothiazoie 


isopropyl 


diethanolamine 


4-( 2 -amn ioethy 1 )morphol ine 


isopropyl 


diethanoiamme 


4-( 1 -aminoniethyObenzencsulfonamide 


isopropyl 


uiciiiariuidrninc 


4-bromoaniline 


isopropyl 


diethanolamine 


3,4-dichtoroaniline 


isopropyl 


diethanolamine 


2-(2*aminoethyl)- 1 •methyipyrrolidine 


isopropyl 


diethanolamine 



Si 
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R/.X 


RZ 


R3 


3-bromoaniiine 


isopropyi 


diethanolamine 


4-anisidine 


isopropyl 


diethanolamine 


4-iodoaniline 


isopropyi 


diethanolamine 


3-todoaniline 


isopropyl 


diethanolamine 


m-anistdine 


isopropyi 


diethanolamine 


1 -(2-aminoethyl)pipendine 


isopropyl 


diethanolamine 


1 -(2-aminoethyl)pyrTolidine 


isopropyl 


diethanolamine 


Naminoindane 


isopropyl 


diethanolamine 


3-iodoaniline 


isopropyl 


dielhanolamine 


3-iodoaniline 


isopropyl 


diethanolamine 


3-phenoxyaniijne 


isopropyl 


diethanolamine 


4-iodoaniline 


isopropyl 


diethanolamme 


4-phcnoxyaniline 


isopropyl 


diethanolamine 


3-phenoxyaniline 


isopropyl 


diethanolamine 


4-iodoaniine 


isopropyl 


diethanolamine 


2-fluorenylaTnino 


isopropyi 


diethanolamine 


1-fluorenylamino 


isopropyl 


diethanolamine 


2-anthraceny lamino 


isopropyl 


diethanolamine 


1-anthracenyiamtno 


isopropyl 


diethanolamine 


2-f6-eihoxybenzothiazole)amino 


isopropyl 


diethanolamine 


2-phenylbenzylamino 


isopropyl 


diethanolamine 


4-phenylbenzy lamino 


isopropyl 


diethanolamine 


2-naphthylmethylamino 


isopropyi 


diethanolamine 


1 -naphthylmethy lamino 


isopropyl 


diethanolamine 
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EXAMPLE 3 

This Example describes a method for preparing compounds of this invention. The 
5 synthesis method disclosed in this Example is only slightly modified from that disclosed in 
Example 1. 





A, N-methylpynolklinons 

Or 
"coupling' 




The following compound was prepared according to the method above, 
to Preparation of 2,6-dichloro.9-isopropylpttrine (4). 

The 2,6^ichloropurine (5.00 g, 26.46 mmol) was suspended in 55 ml of dry DMF at 
room temperature and treated with sodium hydride. 60«/o dispersion (1.27 g, 31.75 mmol) 
added in portions. After stirring for 1 hr, 2-iodopropane (4.5 ml, 44.98 mmol) was added and 
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the reaction stirred for 2 days. The reaction was poured into diethyl ether and washed once 
with saturated sodium bicarbonate solution and once with water. The mixture was dried over 
anhydrous sodium sulfate and concentrated in vacuo. The concentrate was chromatographed 
over silica gel eluting with 10% acetone in dichloromethane solution to give the desired N-9 
alkylation product as a white solid. Yield - 47%. 

Preparation of 2-chloro-6-(4*methylniercapto) aniIino-9-isoproplypurine (5A). 

2,6-Dichloro-9-isopropylpurine (0.15 g, 0.649 mmol) was dissolved in n-butanol (4 
ml) and 4.(methylmercapato) aniline (0.089 ml, 0.714 nrniol) and triethylamine (0.20 ml, 1.43 
mmol) were added. The reaction mixture was heated at 80** overnight. The cooled reaction 
was diluted ethyl acetate and washed 1 x IM HCL I x saturated sodium bicarbonate, and 1 x 
brine before being dried with anhydrous sodium sulfate and concentrated in vacuo. The 
residue was chromatographed over silica gel and eluting with 2% methanol in 
dichloromethane to give the desired product as a white solid. Yield = 83%. 
Preparation of 2-diethanolamiDe-6*(4«methylmercapto) aniIino-9-isopropylpurine (6A). 

The purine (0.18 g, 539 mmol) was dissolved in N-methylyrrolidinone (3 ml) and 
diethanolamine (I ml) and then heated at 1 20*^0 overnight. The cooled reaction was poured 
into diethyl ether and washed three times with water before drying over anhydrous sodium 
sulfate and concentrating in vacuo. The residue was chromatographed over silica gel eluting 
with 5% methanol in dichloromethane to give the desired product as an off-white solid. Yield 
= 82 %. 'H-NMR(6, CDCl 3) : 8,08(s,lH). 7.58(d, 2H). 7.47(s,lH), 7.18(d, 2H), 4.95(br s, 
<2H), 4,52(m, IH), 3,94(m, 4H). 3.83(m,4H), 2,43(s, 3H), 1.47(d, 6H). 
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3^ ^ ^ . ^^^^ ^ 

i other synaKttcpweduresknovm 

T 4.1»omobmo,>.mlc (0.20 g. 

■> T^^reacuc was flushed «l«r«>ca»m and Hushed « 

. Followins "-""es, ahyleueglycol dimemyl ether (5 
three times. Fouowins The tube was then sealed 

u (2 53 rrJ IM) were «lded to the tube. The tube w 
.0 solut.o„otsodi»mca.^-«0.»ml.l „ith diethyl ether aud 

• v.. The cooled reaction was the dilutee w 
.d heated a, SO-C ^ - ,„ ^ 

™hed.wlce..hwa.erhe,oredr..ov«sod.u»su^ ^^^^^^^^^^^^^ 

^,„wasch.o.na.u^^^oversiUeageleluU.gw,*.0^* 
thedesired^l-awhitesoUd. V,e.d = 84%. 

„.p„a......«2*'"'">''"''-^' ^ ..^solved .n dry 

.2.,«e.yl,— g. - J» ^^^^ ^ 

M ^ n,n before lithium aluminum hydnde (0.46 ml, 

l,^tl»w.sa.,owed.os.atroo.te.p.ra».eoverul... 
THF, was added d,»P««- The te«»<» ™,™al remaiui"* ' 

^C.V.,uetha.o,.dlch— 

.-ed After a, additional hour, the r=actio„ was quenched hy 
cof LAH was added. Mera. hyd«.xide solu*.n (17.46.1. '5'' 

.teser ,n«h»d ustng wa^er (17..6.,>. a^us s^u„ hydr ^^^^^^ 
...a„dw„er(..37.addedse,uen«y.o.»«^^^^^^^^^^ 
..hdie.hvletherandwa.er and ext,a«ed,wicew,thd,..h, ether 
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sulfate and concentrating in vacuo. The residue was carried on crude without any further 
purification. Yield = 89%. 

Table 3 below identified compounds of this invention that were prepared according to 
the general synthesis method set forth in this Example. 



5 Tabic 3 

Compounds Prepared By The Method of Example 3 



R,*.X 


R2 


R3 


CI 


Me 


CI 


ethanolamino 


Me 


ethanolamino 


cyclopropylmethylamino 


isopropyl 


CI 


cyclopropylmethylamino 


isopropyl 


diethanolamino 


3,5-dinitroanilino 


isopropyl 


CI 


3-phenoxyanilino 


isopropyl 


CI 


4-iodoanilino 


isopropyl 


CI 


3-aminoquinolino 


isopropyl 


CI 


3,5-dinitroanilino 


isopropyl 


diethanolamino 


CI 


epoxymethyl 


CI 


4-methoxybenzylamino 


2,3-dihydroxypropyl 


diethanolamino 


4-phenylanilino 


isopropyl 


diethanolamino 


4-phenylbenzylamino 


isopropyl 


CI 


2-naphthalenylmethylamino 


isopropyl 


CI 


1 -naphthalenylmethy lamino 


isopropyl 


CI 


2-phenylbenzylamino 


isopropyl 


CI 


'3-quinolinylamino 


isopropyl 


diethanolamino 


5-quinolinylamino 


isopropyl 


diethanolamino 


6-quinolinylamino 


isopropyl 


diethanolamino 


8-quinolinylamino 


isopropyl 


diethanolamino 


n-butylamino 


isopropyl 


CI 


4-(2-thiophenyl)benzylamino 


isopropyl 


deithanolamino 


4-(2- thiopheny I )benzy lamino 


isopropyl 


CI 


3-thiomethoxyanilino 


isopropyl 


CI 


4-thiomethoxy ani 1 ino 


isopropyl 


CI 


3-thiomethorxyanilino 


isopropyl 


diethanoamino 


4-thiomethoxyanilino 


isopropyl 


diethanoamino 


4-(2-pyridinyl) benzylamino 


isopropyl 


CI 


3-methoxybenzylamino 


isopropyl 


CI 


3,4-dimethoxyben2ylamino 


isopropyl 


CI 


3 ,4,5-trimethoxyenzy lamino 


isopropyl 


CI 


3*methoxybenzylamino 


isopropyl 


diethanolamino 
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isopropyl 
isopropyl 
isopropyl 
isopropyl 



diethanolammo 



4^0 
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EXAMPLE 4 

This Example describes a method for preparing compounds of this invention. The 
synthesis method disclosed in this Example is only slightly modified fh>m that disclosed in 
Example 1. 



NaH 



'ax 




The following compound was prepared according to the method above. 

10 Preparation of 2-amino-6-chIoro-9-metbylpttrine (7). 

The 2-amino-6-chloropurine (1.08 g, 6.4 mmol) was suspended in dry DMF (75 ml) 
and treated with sodium hydride, 60% dispersion (0.28 g, 7 mmol). The suspension was 
stirred for 15 min before iodomethane (0.44 ml, 7.06 mmol) was added and the resulting 
yellow solution stirred for 1 hr 45 min. The sohd was filtered and the filtrate evaporated 

IS before addition of water for 10 min. The resulting solid was filtered and dried overnight to 
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10 



ovemghl and mor. cysttls «cr= coll««i 4. .«t <i.y «ri dn«l. Yidd = 77%. 

Trtf,^ <„4<hk.r..2Ha-m«h.i..ct,Umtoo)-9-m.a.ylp«ri« W- 

The mix«« of isomers ftom above was d,ssol»d in dichtometon. and pyndin. (2 

^) followed by — wUh n,«hoxyac«,. chlo* (4 e,). The reacion «as sfaed a, 
,^ .en^ complete. The «ae«on was evapo,a,«i ^ U.ough a p.»g of 
,„cia gel elu.ing wl* 2% .e*ano. in diehlo™m«bane followed by purtf.ca.ion o. a 
cbom^o-ron using silica gel and e,«.ing wl* 2% meU^-i in ^cMo^eftane » isola« d,e 

desired product. Yield = 31%. 

Table 4 identifies compound, of «s invention tha. we« pupated acconiing to 

synthesis method set forth in this Example. 

Table 4 , ^ 

Compounds Prepared By The Method of Example 4 



>5 
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EXAMPLE 5 



This Example describes a method for preparing compounds of this invention. The 
synthesis method disclosed in this Example is only slightly modified from that disclosed in 
Example 1. 



The following compound was prepared according to the method above. 
Preparation of 2-cbioro-6-(4-phenyi benzylamino) purine <9)* 

The 2,6-dichloropurine (5.0 g, 26.45 mmol) was suspended in n-butanol (50 ml) and 
10 the 4-phenylbenzylamine (6.61 g, 29.1 mmol) and triethylamine (4.1 ml, 29.1 nmiol) were 
added. The solution was heated at 120**C overnight then cooled. Filtered off product using 
excess n-butanol and washed precipitate with 100 ml IM HCI and 200 ml water. The solid 
was dried in vaccum over overnight at 70°C to give the desired product as a pale yellow solid. 
Yield = 99%. 

] 5 Preparation of 2-diethanolaniino-6-(4-phenyl benzylamino) purine (10). 




NfirattiytpymiUdinone 




R 



5 
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The 2-chk.™*(4l*«.Vl b««ylmino) purine (2.0 g. 5.96 mmol) was add«i tog«l«r 
^ dicfl»nol»une (11 .4 ml. 1 19.2 mmol) ^ N.m«h,lp,noli4i»ne (10 m.) and h«,ed a. 
nCC ov«nigh.. The cooled «acUon «as pon«d into dichloron,«l«a« and «asl«d mice 
waw. orgame was dn«i with ari^n,»s sodium sdfate and co„een>«.ed in 
..„o ,0 g,ve .he desi,^ produc. as a pale g-een solid which was iuHhe, drted in vacuum 
oven at TCC for 2 days. 

Preparation of 2-diethanol.mino^(4-phenyl benzyiamino)-9.methylp«rine (11). 

The 2-diethanolamino-6-(4-phenyl benzylamino) purine (0.050 g, 0.124 nunol) was 
dissolved in dry DMF and treated wit sodium hydride, 60% dispersion (5.5 n^gs, 0. 1 36 nuno.) 
, for 1 hr iodomethane (0.009 ml. 0.148 nunol) was added and the resultant solution stirred at 
room temperature ovemi^t. Poured reaction .nto diethyl ether and washed twice with 
saturated sodium bicarbonate solution before drying over anhydrous sodium sulfate and 
concentrafng in vacuo. The residue was chromatographed over silica gel eluting with 5.. 
methanol in dichloromethane to give the produce as a white solid. Yield = 63%. 
. .H-NMR(5, CDC13): 7.55 (m,4H). 7.41 (m, 4H) 7.35(m, 4H). 6.41 (br s. < IH). 5.10(br s, 
<2H), 4.72 (br s, 2H), 3.86 (m, 4H). 3.74(m, 4H), 3.59(s, 3H). 

Table 5 identified compounds of this invention that were prepared according to the 

synthesis method set forth in this Example. 



20 



Tables 

Compounds Prepared By The Method of Example 5 
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4-phenylbenzylamino 


isobutyl 


diethanolaxnino 


4-phenylbenzylamino 


t-butylacetate 


diethanolamino 


4-phenylbenzylamino 


methylacetate 


diethanolamino 


4-phenylbenzylamino 


cyclobutyl 


diethanolamino 


4-phenylbenzylaniino 


ethyl 


diethanolamino 


4*phenylbenzylaniino 


propyl 


diethanolamino 



H5 
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EXAMPLE 6 

, ...... ... s.«. vo.™.. or .0 ^ - - 

30 ..^oo one. or ...TC..^.. 

«o». o,» . — T.«. «.«^- 

10 extensively m 10% TCA ana as y 

«»po«.,or or.«, — *c„«p»^- 

,3H0. — . or - - - 

required to inhibit CDK2 activity by 50%. 
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EXAMPLE? 

Cell Proliferation Assays: 

Early passage rat aortic smooth muscle cells (CV Therapeutics Cell repository) were 
seeded in 48 well dishes (Falcon, ml/well) at a density of 20,000 cells/ml of DME containing 

5 5% heat inactivated bovine serum. The cells were incubated in a standard tissue 
culture incubator for 48 hr. The medium was aspirated and the wells were 
replenished with 0.2 ml of fresh medium. Compounds of this invention were 
added at concentrations ranging from 100 to 0.37 \xg/ml After 48 hr incubation, 
the medium was aspirated and the cultures were treated with 0.2 ml of saline 0.25 

10 ^l of phenozine methosulfate solution containing MTS (Cell Titer 96* Aqueous 
Non-radioactive cell proliferation assay kit, Catalog # G 5430, Promega, 2800 
Woods Hollow Road, Madison, WI 53711-5399). The IC50 cells listed in Table 6 is 
defined as the concentration required to inhibit cell proliferation by 50%. 
Olomoucine at various concentrations was added and was used as a standard 

15 positive control. 

TABLE 6 



Bioactivitv of Selected I 


tepresentatives of this Invention 




R2 


R3 


IC,o (Mg/mL) 
enzyme 


(Mg/mL) 
cells 


benzylamino 


Me 


ethanoiamino 


7 


70 


4-meihoxybcnzylaniino 


H 


CI 


60 


NA 


4-meihoxybenzylamino 


Me 


CI 


6 


>70 


4-methoxybenzytamino 


Me 


ethanoiamino 


4 


48 


4-chlorobenzyloxy 


H 


CI 


60 


NA 


4-chlorobenzyioxy 


Me 


CI 


60 


NA 


4-chlorobenzyloxy 


trifluoromethyl 


CI 


>60 


NA 


4'methoxybenzylaniino 


tsopropyl 


CI 


4 


77 



'^1 
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R/.X 


R2 


R3 


>C„ {^g/mL) 
eozyme 


■Cm (fig/mL) 
cells 


4-methoxybenzylamino 


isopropyl 


N-bcnzy|.N-2. 
hydroxyethylamino 


1 


NA 


4-phenylanilino 


isopropyl 


diethanoiamino 


0.6 


NA 


4-phcnylben2ylamino 


isopropyl 


dtethanolamino 


0.6 


NA 


4-phcnylbcnzylamino 


isopropyi 


3-amino-l,2- 
propanedioi 


0.6 


NA 


4-(2- 

thiophenyDbcnzylamino 


icnnronvl 


dielhannolamtno 


0.5 


NA 


4-(4-mcthylphenyl) 
benzylamino 


isopropyl 


diethanotamtno 


0.6 


NA 


4.(4- 

trifluoromethylphcnyl) 
benzyalmino 


isopropyl 


diethanoiamino 


0.6 


NA 


4-thicimethoxvanilino 


isupi upy 1 


CI 


0.6 


NA 


3>(4.nitrilophenyi) 
anilino 


isopropyl 


diethanoiamino 


0.5 


NA 


3-thiomethoxyanilino 


isopropyl 


diethanoiamino 


0.1 


NA 


4.thioniethoxyaniiino 


isopropyl 


diethanoiamino 


0.07 


NA 


3-mcthoxybenzylamino 


isopropyl 


Cl 


0.9 


NA 


4-(2-pyhdinyl) 
benzylamino 


isopropyl 


diethanoiamino 


0.16 


NA 


3-nietbox ybenzy lamino 


isopropyl 


diethanoiamino 


0.5 


NA 



The inhibition of cell proliferation properties of the compounds of this invention are 
demonstrated by their ability to inhibit cell proliferation in the range of about 0.05 jig/ml to 
100 fig/ml, preferably less than 0.5 jig/ml. 
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EXAMPLE 7 

A compound of this invention was evaluated for effectiveness using the Murine 
Leukeniia Model, The Murine Leukemia Model is a standard model used in the evaluation of 
antitumor agents. CDFl mice were injected ip with L1210 cells (1x10' cells/mouse). 
Twenty-four hours later, these mice were treated with various doses (ip) of compound 3 of 
Example 1 in saline. The dosing regimen used in this study is outlined in Table 7, below. 
Mice were dosed with compound 3 daily or on alternate days. Control mice received saline. 
After 7 days, dosing was suspended and survival monitored. 



Table 7 



Treatment 




N 


Median 
survival time 
Days 


T/CxlOO 


Saline control 




7 


10(9-13) 


100 












Compound 3 


0.5 mg/kg bid 


7 


11(10-15) 


no 




l.Omg/kgbid 


7 


13(11-13) 


130 




2 mg/kg bid 


7 


12(10-14) 


120 




4 mg/kg - days 
1,3.5.7 


7 


13(10-15) 


130 




8 mg/kg • days 
1,3,5.7 


7 


13(12-16) 


130 



The results indicate that rats administered compound 3 survived longer than the control rats. 



6D 
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EXAMPLE 8 

This example measured the effect of an acute local deli very of compound 3 of 
Example 1 in reducing neointima formation following balloon angioplasty in the rat carotid 
artery model. In this example, the left common carotid arteries of adult male rats (n=10 per 
experimental group) were surgically injured using a Fogarty arterial embolectomy catheter. 
Immediately after injury, the common carotid artery was bisected with a vascular clamp, 
thereby establishing an untreated and treated segment. A drug delivery catheter was then 
inserted into the distal half of the common carotid. After drug delivery, the catheter was 
removed and excess drug was washed out by removing the vascular clanip and re-establishing 
blood flow before closing the artery. The animals were allowed to recover for 14 days before 
harvesting the conunon carotid artery. The harvested tissue was sectioned and the neointimal 
area was digitized and measured with a computer planimetery system. For each animal, 15 
measurements were averaged for the untreated segment and 15 for the treated. 

The results of this Example are found in Figure 1. According to Figure 1, 
administering compound 3 of Example 1 to a damaged carotid artery reduced the neointimal 
area about 88% in comparison to the 6% reduction produced by the sahne vehicle alone. 



5( 
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EXAMPLE 9 

IicB-a Kinase Assays: 

Compositions of Jhis invention were assayed to determine their iKB-a kinase 
inhibitory activity. The human umbihcal vein endotheUal cell line (HUVEC) used in these 

5 studies was purchased from Cionetics (San Diego, CA) and was maintained in endothelial cell 
growth medium supplemented with 2% fetal bovine serum, lOng/ml human recombinant 
epidermal growth factor, 1 \ig/m\ hydrocortisone, 50 ng/ml gentamicin, 50 ng/ml 
amphotericin B and 12 |ig/ml bovine brain extract at 37°C in a tissue culture incubator. All 
growth media and supplements were purchased from Cionetics (San Diego, CA). E. coli 

10 lipopolysaccharide (LPS) serotype 01 1 1 :B4 was purchased from Sigma (Saint Louis, Ml). All 
other chemicals were of reagent grade. 

Preparation of cell Lvsate : Monolayers (75 cm^) of HUVEC cells were treated with LPS 
(100 ng/ml) for 5 minutes after which the cell media was 

rapidly removed and the monolayer washed three times with ice cold PBS. The cell layer was 
15 scraped into 10 ml PBS and the cells pelleted by centrifugation (3000 rpm, 5 min, 4°C). Cell 
lysate was prepared by incubating the cell pellet in 0.2 ml lysis buffer (20mM HEPES, pH7.3, 
50mM NaCl, lOmM MgCK, ImM EDTA, ImM EGTA, ImM sodium orthovanadate, lOmM 
p-glycerophospate, ImM phenylmethylsulfonylfuoride, ImM dithiothreitol, 0.5% Nonidet P- 
40 for 15 minutes at 37*'C for frequent vortexing. Cell debris was removed from the sample 
20 by microcentrifugation (10,000xg, 15 minutes, 4^*0 and the supernatant was ''precleared" by 
the addition of 100 ml of a suspension of sepharose 4B in lysis buffer and mixing gently for 1 
hour at 4**C. The speharose 4B beads were removed by microcentrifugation and the 
supernatant aliquotted and stored at SO^C. 
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Solid Phase IicB-a kinase assav: 1 of GST- IicB-a, corresponding to full length IxB-a of 
human origin, (Santa Cruz Biotechnology,) was incubated with 20 \xl of a 50% sluny of 
glutathione S sepharose 4B (Phannacia) in reaction buffer (20mM HEPES, pH7.3, lOmM 
MgCU 15mM p-glycerophosphate, O.SmM sodium orthovanadate, 0.5mM EGTA) for 30 

5 minutes at room temperature. The GST- IicB-bead complex was the washed three times with 
0.5 ml of reaction buffer by resuspension and microcentrifiigation. lOjig of HUVEC cell 
lysate protein in 100|il of reaction buffer was then added to the GST- IicB-bead complex and 
the mixture incubated with gentle mixing at 4^C for 1 hour. The bead complex was then 
washed three times with reaction buffer containing 0.2 M NaCl and once with reaction buffer 

10 alone. Finally the bead complex was resuspended in 20|il of reaction buffer containing 5|iCi 
[y-"P] ATP (>5000 ci/mmol, New England Nuclear Corp. Boston, MA) and incubated at room 
temperature for 15 minutes. The reaction was terminated by the addition of 10|il of SDS- 
PAGE sample buffer and boiled for 3 minutes before separation by SDS-PAGE (10-20% 
gradient Readygel, BioRad). Following electrophoresis the gel was fixed (50% methanol 

15 10% acetic acid) for 15. minutes, washed three times for 5 minutes each with distilled H^O and 
treated with 5% glycerol for 15 minutes before drying down and exposing to fihn for 
autoradiography (X-OMAT XAR-5 Kodak). 

In eel kinase assav : IkB-q isozymes were assayed for activity using a modification of 
previously published methods (11, 19,20). Briefly duplicate samples of the IicB-glutathione 
20 sepharose 4B bead complex were prepared as described above and were separated by 
electrophoresis through a 12% SDS-PAGE gel which had been polymerised in the presence of 
15 ng/ml GST- iKB-a. Following electrophoresis the gel was washed gently twice for 30 
minutes each with 50mM Tris-HCI pH8.0, 5mM p-mercaptoethanol; 20% isopropanol to 

<55 
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M»na the incubations continued for a further 

u- u in.,r;fv-" PIATP was added and the mcuoauui« 
temoerature which lOjiCiiy- f J^^^ 

T>,= S=U «e« ^ ^ » n,u«P>e .5 °' 
hour at room temperature, ine gei:* 

l.^.-..—- — 

V cnintion (I 21 v/v dimethylfortnamide : O.lN Naun) 
,,as dissolved in 1ml couphng solution (1.2.1 

H 10 11 for 72 hours at room temperature with gentle 
„«edwith0.5mlofswonengelatpH10-llfor72h ^ . ^ so^C 

.,..n. Bxcess reactive groups were hloCed wi. IM ethanolamme for . ho.s 
^ . Tv,A Te«;tn was activated with three 

«u «f nH 4 0 (O.lM acetate, 0.5M Ma«-W «»" 
,H S 0 (0 .M Trts-HCl. 0.5M NaC, ro,>o»=a «».y vo,u»« 

r .0^ PH., .0^ 

buffer uunuv conummg 

..^MEGTA) The column was stored at 4 Cmreaction 
orthovanadate, 0.5mM EG 1 A). 
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0.5% sodium azide and regenerated prior to each use with alternating cycles of low and high 
pH as described above. 

Activated HUVEC cell lysate (500ng protein in 1ml reaction buffer) was passed over 
the CVT-1545 sepharose matrix sequentially five times and the flow through was saved 

5 (unbound material). The matrix was then washed three times with 1ml of reaction buffer 
(wash 1-3) then three limes each with reaction buffer containing 0.5M NaCl (eluate 1-3). 
Aliquots (20fil from 1ml) of each sample were assayed for their abiUty to phosphorylate at 
GST- IicB-sepharose bead complex and analyzed by SDS-PAGE as described above. 
Assay of affinity enriched IicB-a kinase . The bulked 0.5 M NaCl eluates from the affinity 

10 matrix were used as the source of enzyme for development of an iKB-a kinase filter assay. 
Each reaction contained affinity enriched IicB-a kinase {\\ig protein), lOng GST licB-a kinase 
and 0.5^Ci[y-"P]ATP (>5000 Ci/mmol, New England Nuclear Corp, Boston, MA) in 20^1 
reaction buffer. The reaction was incubated for 15 minutes at room temperature and was 
terminated by the addition of 2\i\ 0.5M EDTA. Reaction mixtures were blotted onto 

15 phosphoceilulose disks (Gibco BRL Life Technologies, Gaithersburg, MD) and the filters 
washed three times with 0.1 5M phosphoric acid with gentle shaking for 15 minutes (up to ten 
filters were washed with 300 ml of 0. 15M phosphoric acid.) Following a third wash the filters 
were air dried, added to scintillation fluid and assayed by liquid scintillation spectrometry. 
Electrophoretic Mobility Shift Assay : Nuclear extracts were prepared using a high-salt buffer 

20 extraction procedure. 10 pmol of double stranded NF-kB consenses oligonucleotide (5'- 
AGTTGAGGGGACTTTCCCAGGC-3') )Promega) was 5' end labeled with 5^Ci [y-"P]ATP 
(>5000 Ci/mmol, New England Nuclear Corp, Boston, MA) by incubaton with T4 
polynucleotide kinase for 1 hr at 37°C. Unincorporated nucleotides were removed by pasing 

55 
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the reaction mixture over I ml Sephadex G-5-spin column. Binding assays were performed at 
room temperature for 1 hr and consisted of lOng nuclear extract protein, lug salmon sperm 
DNA, and 5x1 0"* cpm of "P labeled consensus of oligonucleotide in the presence and absence 
of fifty fold unlabeled oligonucleotide. DNA-protein complexes were resolved by 8% non 
denaturing polyacrylamide gel electrophoresis, the gels were dried onto filter paper and 
visualized by autoradiography. 

Table 8 





R2 


R3 


IC50(nM) 
enzyme 


4-phenylbenzylamino 


isopropyl 


diethanolamino 


1.1 


4-phenylbenzylamino 


isopropyl 


diethylamino 


>2.4 


4-phenylbenzylamino 


isopropyl 


ethanolamino 


2.5 


4-bromoanihno 


isopropyl 


diethanolamino 


14 


4-(3-methoxphenyl) 
benzylamino 


isopropyl 


diethanolamino 


>10 


4-(4-methoxphenyl) 
benzylamino 


isopropyl 


diethanolamino 


11 


3-{4-nitrilophenyl) 
anilino 


isopropyl 


diethanolamino 


2.2 


4-thiomethoxyanilino 


isopropyl 


diethanolamino 


12.4 


4-(2-pyridinyl) 
benzylamino 


isopropyl 


diethanolamino 


4.5 
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What we claim is: 

1. A 2,6,9-trisubstituted purine composition of matter having the following 
formula: 



R, is halogen or K\-X wherein X is a amino, oxo, thio, or sulfone moiety. 

R'j is a lower alkyi, substituted lower allcyl, cycloalkyl, substituted cycloalkyl, 
cycloheteroalkyl, substituted cycloheteroalkyl, aryl, substituted aryl, heterocycle, hetaryl, 
substituted hetaryl, aralkyl, heteroaralkyl, heteroalkyl, alkyl alkenyl, alkyl alkynyl, alkyl 
cycloalkyl, or alkyl cycloheteroalkyl, each having from 1 to 20 carbon atoms; 

R2 is hydrogen, or hydrocarbon compound selected from the group lower alkyl, 
substituted lower alkyl, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heterocycle, 
hetaryl, substituted hetaryl, aralkyl, heteroaralkyl, heteroalkyl, alkyl alkenyl, alkyl alkynyl, 
alkyl cycloalkyl, or alkyl cycloheteroalkyl wherein each hydrocarbon compound has from 1 to 
20 carbon atoms; 

Ry is halogen, hydroxyl, thio, alkoxy, alkylthio, lower alkyl, -NR^R 5 or a component 
having the formula: 




2 



2 



(D 



S7 
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where m=l-3, n=l-3, o=l-3, Y==carbonyl, -NR4R5, hydroxyl, thiol, alkoxy, alkythio, and 
wherein R4 and R5 are each independently hydrogen, or a hydrocarbon selected irom the group 
including lower alkyl, substituted lower alkyl, alkoxy, amino, amido, carboxyl, cycloalkyi, 

5 substituted cycloalkyi, heterocycle, cycloheteroalkyl, substituted cycloheteroalkyl, acyl, aryl, 
substituted aryl, aryloxy, hetaryl, substituted hetaryl, aralkyl, heteroaralkyl, alkyl alkenyl, 
alkyl alkynyl, alkyl cycloalkyi, alkyl cycloheteroalkyl, or cyano, wherein each hydrocarbon 
has from 1 to 20 caiton atoms wherein when Y is carbonyl, R'4 does not exist in the 
composition, R4" and R5'* may be a single oxygen atom, R4'" and R5''' may be a single 

10 oxygen atom, and wherein when R3 is 2-hydroxyethylamino and R. is methyl, R,'-X is not 
amino, 3-methyl-2-butenylamino, benzylamino, or m-hydroxybenzyl-amino, when R3 is 
2-hydroxyethylamino, when R , is isopropyl, R,'-X is not benzylamino, ra- 
hydroxybenzylamino, or 3-methylbutylamino, when R3 is 2-hydroxyethylamino and R , is 
2-hydroxy ethyl, R,*-X is not benzylamino and when R3 is selected from the group consisting 

15 of 2-propanol-2-methylamino and 2-dimethylaminoethylamino and R, is methyl, then R,'-X 
is not benzylamino. 

2. The 2,6,9-trisubstituted purine composition of claim 1 wherein X is amino. 
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3. The 2,6,9-trisubstituted purine composition of claim 1 wherein Rj is a 
component having the formula: 



5 




10 

where m=l-3, n=l-3, o=l-3, Y=carbonyl, -NR4R5, hydroxyl, thiol, alkoxy, alkythio, and 
wherein R4 and R5 are each selected from the group including hydrogen, lower alkyl, 
substituted lower alkyl, alkoxy, amino, amido, carboxyl, cycloalkyl, substituted cycloalkyi, 
heterocycle, cycloheteroalkyl, substituted cycloheteroalkyi, acyl, aryl, substituted aryl, 
15 aryloxy. hetaryl, substituted hetaryl, aralkyi, heteroaralkyl, alkyl alkenyl, alkyl alkynyl, alkyl 
cycloalkyl, alkyl cycloheteroalkyl, or cyano wherein when Y is carbonyl, R^ does not exist in 
the composition, R4^' and Rj" may be a single oxygen atom, R^'^' and R5''* may be a single 
oxygen atom. 

4. The 2,6,9-trisubstituted purine composition of claim 3 wherein R/ is selected 
20 from the group consisting of aralkyi and heteroarylalkyl. 

5. The 2,6,9-trisubstituted purine composition of claim 4 wherein R,' is selected 
from the group consisting of aralkyi, unsubstituted pyridylalkyl and substituted pyridylalkyi 
and wherein R, is selected from the group consisting of lower alkyl, substituted lower alkyl. 
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and alkyl cycloalkyl. 

6. The 2,6,9-trisubstituted purine composition of claim 3 wherein R,' is selected 
from the group consisting of aryl. heterocyclc, hetcroaryl, substituted heteroaryl. and 
substituted aryl. 

5 7. The 2,6,9-trisubstituted purine composition of claim 3 wherein R,' is selected 

from the group consisting of aryl. unsubstituted pyridyl. substituted pyridyl, and substituted 
aryl, and R, is selected from the group consisting of lower alkyl, substituted lower alkyl. and 
alkyl cycloalkyl 

8. The 2,6.9-trisubstituted purine composition of claim 2 wherein Rj is -NR4R5 
10 wherein R. and R, are each selected from the group consisting of hydrogen, lower alkyl, 
substituted lower alkyl. alkoxy, amino, amide, carboxyl, cycloalkyl, substituted cycloalkyl, 
heterocycle. cycloheteroalkyl, substituted cycloheteroalkyl, acyl. aryl. substituted aryl. 
aryloxy, hetaryl, substituted hetaryl, aralkyl. heteroaralkyl. alkyl alkenyl, alkyl alkynyl, alkyl 
cycloalkyl, alkyl cycloheteroalkyl, or cyano. 
,5 9. The 2.6,9-trisubstituted purine composition of claim 8 wherein R,' is selected 

from the group consisting of aralkyl, substituted pyridylalkyl. and unsubstituted pyridylalkyl, 
R, is selected from the group consisting of lower alkyl. substituted lower alkyl, cycloalkyl, 
arid substituted cycloalkyl, K is a substituted lower alkyl having from 2 to 6 carbon atoms, 
arid R , is selected from the group consisting of hydrogen, lower alkyl, substimted lower 
20 alkyl. aryl. substituted aryl. cycloalkyl, aryl cycloalkyl. heterocycle. substituted heterocycle, 
heteroaryl. substituted heteroaryl, heteroalkyl. heteroaralkyl. and substituted cycloalkyl. 

10. The 2,6,9-trisubstituted purine composition of claim 8 wherein R,' is selected 
from the group consisting of aryl, substituted aryl. pyridyl, and substituted pyridyl, R. is 
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selected from the group consisting of lower alkyl, substituted lower alkyi, cycloalkyl, alkyi 
cycloalkyi, and substituted cycloalkyl, R, is a substituted lower alkyl having from 2 to 6 
carbon atoms, and Rj is selected from the group consisting of hydrogen, lower alkyl, 
substituted lower alkyl, aryl, substituted aryl, cycloalkyl, aryl cycloalkyl, heterocycle, 
substituted heterocycle, heteroaryl, substituted heteroaryl, heteroaikyl, heteroaralkyl. and 
substituted cycloalkyl. 

11. The 2,6,9-trisubstituted purine composition of claim 8 wherein R,' is selected 
from the group consisting of aralkyl, pyridylalkyl, and substituted pyridylalkyl, R, is selected 
from the group consisting of lower alkyl, substituted lower alkyl, and alkyl cycloalkyl, and R4 
and Rj are each a substituted lower alkyl having from 2 to 6 carbon atoms. 

12. The 2,6,9-trisubstituted purine composition of claim 8 wherein is CH2 - 
Aryl or CH, - substituted aryl, R^ is lower alkyl or substituted lower alkyl, and R4 and R5 are 
each -CHj CH.OH , -CHR^CHjOH, or -CHj CHR'OH wherein R' is hydrogen or alkyl 
having from 1 to 6 carbon atoms. 

13. The 2,6,9-trisubstituted purine composition of claim 12 wherein Rj is 
isopropyl. 

14. The 2,6,9-trisubstituted purine composition of claim 8 wherein R,' is selected 
from the group consisting of aryl, substituted aryl, pyridyl, and substituted pyridyl, R, is 
selected from the group consisting of lower alkyl, substituted lower alkyl, and alkyl 
cycloalkyl, and R4 and Rj are each a substituted lower alkyl having from 2 to 6 carbon atoms. 

15. The 2,6,9-trisubstituted purine composition of claim 8 wherein R/ is aryl or 
substituted aryl, Rn is lower alkyl, or substituted lower alkyl, and R 4 and R $ are each 
CH2CH2OH , -HR'CHjOH, or -CH^CHR'OH wherein R' is hydrogen or alkyl having from 1 
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to 6 carbon atoms. 

nf claim 15 wherein R: is 
16. nie 2.6,9-trisubstituted purine composition of claim 

isopropyl. . . 

n Th.2.6,9-ttis«bsti,u»dp«ri«eomposito.otcU»n8wh-i.R.->'-' 

R5 are each -CH2CH2OH. 

R, are each -CH:CH,OH. 
R is isopropyl, >™'R-»~"^ . ^ 

. „M)P.— . — .. ^^^^ ; 

is„p™pyl,a«lR.»dR,«<»«>C«>CH=OH. 

T*. 2,6>«isu«».^ P^- -^O" ^ " 

mcthoxybenzyl. ^ • o« u A. 

.;«n nf claim 20 wherem R , « 4- 
22. The 2,6,9.trisubstiluted purine composition of claim 

phenylbenzyl. • o ;c 4. 

,3. The 2.6.»i»«. purine e»np»i«on of c>»n, 20 

methoxybenzyl. 
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24. The 2,6,9-trisubstituted purine composition of claim 20 wherein R', is 4- 
biphenyl. 

25. The 2,6,9-trisubstituted purine composition of claim 20 wherein R'j is 3- 
methoxybenzyl. 

5 26. The 2,6,9-trisubstituted purine composition of claim 20 wherein R', is 4-(2- 

thienyl)benzyl. 

27. The 2,6,9-trisubstituted purine composition of claim 20 wherein R', is 4-(4- 
methyOphenylbenzyl. 

28. The 2,6,9-trisubstituted purine composition of claim 20 wherein R', is 4-(4- 
1 0 trifluoromethy Ophenylbenzyl. 

29. The 2,6,9-trisubstituted purine composition of claim 20 wherein R*, is 4-(4- 
nitri Io)pheny Ibenzy 1 . 

30. The 2,6,9-trisubstituted purine composition of claim 20 wherein R', is 4-(2- 
pyridinyl)benzyl. 

15 31. The 2,6,9-trisubstituted purine composition of claim 20 wherein R', is 

piperonyl. 

32. The 2,6,9-trisubstituted purine composition of claim 20 wherein R', is 3- 
thiomethoxphenyl. 

33. The 2,6,9-trisubstituted purine composition of claim 20 wherein R\ is 4- 
20 thiomethoxyphenyl. 

34. The 2,6,9-trisubstituted purine composition of claim 20 wherein R*, is 4- 
bromophenyl. 

35. A cationic salt of the composition of claim 1 . 
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36. An acid addition salt of the composition of claim 1 . 

37. A method for inhibiting cell proliferation in mammals comprising 
administering a therapeutically effective amount of the composition of claim 1 to the 
mammal. 

38. The method of claim 37 wherein the therapeutically effective amount ranges 
from about 0.001 to about 100 mg/kg weight of the mammal. 

39. The method of claim 37 wherein the composition is administered to a mammal 
suffering from a cell proliferation disorder selected from the group consisting of rheumatoid 
arthritis, lupus, type I diabetes, multiple sclerosis, cancer, restenosis, host graft disease, and 
gout. 

40. The method of claim 39 wherein the cell proliferation disorder is restenosis. 

4 1 . The method of claim 39 wherein the cell proliferation is disorder cancer. 

42. The method of claim 39 wherein the cell proliferation disorder is polycystic 
kidney disease. 

43. The method of claim 39 wherein the mammal is a human. 

44. A pharmaceutical composition of matter comprising the composition of claim 
1 and one or more pharmaceutical excipients. 

45. The pharmaceutical composition of matter of claim 43 wherein the 
pharmaceutical composition is in the form of a solution. 

46. The pharaiaceutical composition of matter of claim 43 wherein the 
pharmaceutical composition is in the form of a tablet. 

47. An antifungal agent useful for treating fungal infections in humans, and 
animals comprising the composition of claim 1 . 
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PURINE INHIBITORS OF CYCLIN 
DEPENDENT KINASE 2 and IxB-a 

5 

BACKGROUND OF THE INVENTION 

This is a continuation-in-part of co-pending U.S. Patent Application Serial No. 
* 

10 08/692,012 filed August 2, 1996. 
(1) Field of the Invention 

This invention concerns 2,6,9-trisubstituted purines that have been discovered to be 
selective inhibitors of cell cycle kinases and, as such, the compounds are inhibitors of cell 
proliferation. The 2,6,9-trisubstituted purines are useful in for example in - treating 

15 autoimmune diseases, e.g. rheumatoid arthritis, lupus, type I diabetes, multiple sclerosis, etc., 
in treating cancer, cardiovascular disease, such as restenosis, host vs graft disease, gout, 
polycystic kidney disease and other proliferative diseases whose pathogenesis involves 
abnormal cell proliferation. 

This invention also concerns 2,6,9-trisubstituted purines that have been discovered to 

20 be potent and specific inhibitors of iKB-a kinase which prevents signal induced NF-kB 
activation and cytokine synthesis in vitro and in vivo. Such inhibitors are expected to inhibit 
the synthesis of cytokines and adhesion proteins whose synthesis is transcriptionally regulated 
by NF-kB. Proinflammatory cytokines such as lL-1, lL-6, TNF and adhesion proteins (e.g. 
ICAM, VCAM and selections) belong to this class of molecules and have been implicated in 

25 the pathogenesis of inflammatory diseases. Thus a potent inhibitor of iKB-a kinase is useful 
in the clinical management of diseases where NF-icB activation is required for disease 
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induction. 

(2) Description of the Art 
In the past few years, advances in molecular and cellular biology have contributed to our 
understanding of the mechanisms of cell proliferation and of specific events that occur during 
progression of cells through mitosis. E.g., "Progress in Cell Cycle Research" Vol t, Eds. L. 
Meijer, S. Guidet and H.Y.L. Tung; Plenum Press, New York, 1995. These studies have 
shown that progression through the cell cycle is controlled by a family of serine/threonine 
kinases called cyclin dependent kinases. These enzymes contain (a) a catalytic protein called 
cyclin dependent kinase (CDK) that uses ATP as a substrate and (b) a regulatory protein 
called cyclin. Different cyclin-CDK combinations control events such as growth, DNA 
replication and cell division. One key member of the CDK family of enzymes is CDK2. 
CDK2 activity has been shown to be essential for mammalian cell cycle progression at the 
Gl/S boundary. Microinjection of antibodies directed against CDK2 blocks the progression 
of human diploid fibroblasts into the S phase of the cell cycle. Expression of a CDK2 
dominant negative mutant in human osteosarcoma cells has a similar effect. Together, these 
studies indicate that inhibition of cellular CDK2 activity will prevent progression of cells 
through the mitotic cycle and induce growth arrest prior to the S phase. Consistent with this 
view, in vitro studies with olomoucine (2-(hydroxyethylamino)-6- 
benzylamino-9-methylpurine), have shown that it is a specific inhibitor of CDK2 with an ICjo 
of approximately 2.1 ng/ml J. Vesely, et al.; Eur. J.Biochem 224. 771-786 (1994). L. Meijer 
"Chemical Inhibitors of Cyclin-Dependcnt Kinases" pp 351-356 in "Progress in Cell Cycle 
Research Vol 1, Eds. L. Meijer, S. Guidet and H.Y.L. Tung; Plenum Press, New York, 1995. 
In vivo studies using mammaUan cells in culture have shown that olomoucine inhibits cell 
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proliferation at an approximate concentration of 50 fig/ml. 

In this invention, we have developed several compounds whose biological activity is 
considerably more potent than olomoucine. In vivo studies using mammalian cells indicate 
that some of the disclosed compounds inhibit cell proliferation at concentrations that are 
5 significantly lower than olomoucine. 

Recently an iKB-a kinase activity has been described in the cytoplasm of stimulated 
human umbilical vein endothelial cells (Bennett et al (1996) J. Biol.Chem 271. 19680- 
19688). Some of the compounds of this invention have been identified as potent and 
specific inhibitors of iKB-a kinase which prevents signal induced NF-kB activation and 

10 cytokine synthesis in vitro and in vivo. The activation of the heterodimeric transcription 
factor NF-kB is a complex process. In unstimulated cells, the NF-kB (p50/p65) 
heterodimer is located in the cytosol where it is complexed with an inhibitory subunit IkB- 
a, IJcB-a, binds to NF-kB thus masking its nuclear localization signal and preventing 
translocation to the nucleus. Upon stimulation of cells with a variety of signals (e.g. 

15 lipopolysaccharide) iKB-a is rapidly phosphorylated, uniquiiinated and degraded by the 
proteasome. Degradation of iKB-a, allows the translocation of NF-kB to the nucleus 
where it activates transcription of a number of inflammatory response genes. 

These observations suggest that iKB-a kinase is an attractive target for the 
identification of inhibitors that may be usefiil in the treatment of inflanunatory diseases 

20 where NF-kB activation is required for disease induction. 
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-> q trisubstituted purine compounds, 
It is an object of this invention to provide 2,6.9-tnsubstitut 

which inhibit the cyclin dependent kinase 2. 

„teh ar= useful for inhibiting cell prolifetation. 

Uis inven^on also — a pha™^---' — n. w«eH co„,nses a 
269-.nsubs...u.edpuri„eco™pou„da^aphannace„«ca.lyaccep,ablecame,. 

' ■ ™s invenUoa oo„s„iu«s a .eibo. fo. in««„. cell p,olif.«.«». - 

..p.s=s a^inis-eHns » a — in «ea *e«of a„ effecve an.ou„. of a a.. - 
trisubstituted purine compound. 

• A 0 q trisubstituted purine composition o: 
In one embodiment, this invenuon is A 2,6,9-tnsubstitut 

matter having the following formula: 





15 
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where X is a amino, oxo, thio, or sulfone moiety; 

R, is lialogen or R,'-X wlierein X is an amino, oxo, thio, or sulfone moiety. X is 
preferably amino. 

Ri' is a lower alkyl, substimted lower alkyl, cycloalkyl, substimted cycloalkyl, 
5 cycloheteroalkyl, substimted cycloheieroalkyl, aryl, substituted aryl, heterocycle, hetaryl, 
substimted hetaryl, aralkyl, heteroaralkyl, heteroalkyl, alkyl alkenyl, alkyl alkynyl, alkyl 
cycloalkyl, or alkyl cycloheteroalkyl, each having from 1 to 20 carbon atoms; 

Rj is hydrogen, lower alkyl, substituted lower alkyl, cycloalkyl, substimted 
cycloalkyl, aryl, substimted aryl, heterocycle, hetaryl, substimted hetaryl, aralkyl, 
10 heteroaralkyl. heteroalkyl, alkyl alkenyl, alkyl alkynyl, alkyl cycloalkyl, or alkyl 
cycloheteroalkyl; 

Rj is halogen, hydroxyl, thio, alkpxy, alkyhhio, lower alkyl, -NR^R 5 or a component 
having the formula: 



20 where m=l-3, n=l-3, and o=l-3; Y=carbonyl, -NR4RJ, hydroxyl, thiol, alkoxy, 
alkythio. and wherein R, and Rj are each (independently) selected from the group including 
hydrogen, lower alkyl, substimted lower alkyl, alkoxy, amino, amido, carboxyl, cycloalkyl, 



15 
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substituted cycloalkyl, heterocycle, cycloheteroalkyl, substituted cycloheteroalkyl, acyl. 
aryl, substituted aryl, aryloxy, hetaryl, substituted hetaryl. araUcyl, heteroaralkyl, alkyl 
alkenyl, alkyi alkynyl, alkyl cycloalkyl. alkyl cycloheteroalkyl, or cyano; having from 1 to 
20 carbon atoms, and preferably form 2 to 6 carbon atoms. Furthermore, when Y is 
5 carbonyl, R'4 does not exist in the composition, r;' and R5" may be a single oxygen atom 
and R4''' and R,"'' may be a single oxygen atom. R, and R, are preferably the same or 
different substituted lower alkyl having 2 to 6 carbon atoms and preferably CHj CH,OH, 
CHjHC (CHj) OH and mixtures thereof. There are some limitations to the scope of R„ R,'. 
R„ R3 when R3 is 2-hydroxyethylamino and R^ is methyl, R,'-X camiot be amino, 
10 3-methyl-2-butenylamino, benzylamino, or 3-hydroxybenzylamino. When R3 is 
2-hydroxyethylamino and R^ is isopropyl, R,'-X is not benzylamino. 3- 
hydroxybenzylamino, or 3-methylbutylamino. When R3 is 2-hydroxyethylamino and Rj is 
2-hydroxyethyl, R,'-X cannot be benzylamino. When R3 is selected from the group 
consisting of 2-propanol-2-methylamino and 2-dimethylaminoethylamino and R^ is methyl. 
15 then R,'-X cannot be benzylamino. 

In another embodiment, this invention is a method for inhibiting cell proliferation 
in mammals comprising administering a therapeutically effective amount of the composition 
of claim 1 to the mammal. The method is useful for treating cell proliferation disorders such 
at rheumatoid arthritis, lupus, type I diabetes, multiple sclerosis, cancer, restenosis, host 

20 graft disease, and gout. 

In yet anotiier embodiraem, this invention is a pharmaceutical composition of matter 
comprising the composition above in an admixmre witii one or more pharmaceutical 
excipients. 
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In Still another embodiment, this invention is a composition useful for treating fungal 
infections (fungi) in humans, animals, and in plants. 
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DESCRIPTION OF THE FIGURE 
Figure 1 is a plot of the mean neointitt«l area of a rat carotid artery treated with a 
saline vehicle and treated with compound 3 prepared according to Example 2 wherein the 
unshaded bar represents the untreated section of the carotid artery and the shaded bar 
represents the treated section of the carotid artery. 
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DESCRIPTION OF THE CURR ENT EMBODIMEIVT 

The present invention relates to a 2,6,9-trisubstituted purine compound having the 
following formulas: 

5 




where: 

R, is halogen or R,' -X wherein X is a amino, oxo, thio, or sulfone moiety. X is 
10 preferably amino. 

R,' may be a lower alkyl, substituted lower alkyl, cycloalkyl, substituted cycloalkyl, 
cycloheteroalkyl, substituted cycloheteroalkyl, aryl, substituted aryl, heterocycle, hetaryl, 
substituted hetaryl, aralkyl, heteroaralkyl, heteroalkyl, alkyl alkenyl, alkyl alkynyl, alkyl 
cycloalkyl, or alkyl cycloheteroalkyl, each having from I to 20 carbon atoms. R,' is 
15 preferably CHs-aryl, CHj- substituted aryl, 4-methoxybenzyl, 4-chlorobenzyl, 4-mtro benzyl, 
4-(2-pyridinyl) benzyl, aryl, substituted aryl, 3-thiomethoxyphenyl, or 4-thiomethoxyphenyl. 

may be hydrogen, lower alkyl, substituted lower alkyl, cycloalkyl, substituted 
cycloalkyl, aryl, substituted aryl, heterocycle, hetaryl, substituted hetaryl, aralkyl. 
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heteroaralkyl, substituted heteroaralkyl, heteroalkyl, alkyl alkenyl, alkyl alkynyl, alkyl 
cycloalkyl, or alkyl cycloheteroalkyl where the hydrocarbon compounds have from 1 to 20 
carbon atoms. R2 is preferably isopropyl. 

R3 is halogen, hydroxyl, thio, aikoxy, alkylthio, lower alkyl, -NR4R5 or a component 
5 having the formula: 




where m=l-3, n=l-3, o=l-3, Y=carbonyl, -NR4R5. hydroxyl, thiol, alkoxy, alkythio, and 
wherein R4 and R5 are each selected from the group including hydrogen, lower alkyl, 
substituted lower alkyl, alkoxy, amino, amido, carboxyl, cycloalkyl, substituted cycloalkyl, 

10 heterocycle, cycloheteroalkyl, substituted cycloheteroalkyl, acyl, aryl, substituted aryl, 
aryloxy, hetaryl, substituted hetaryl, aralkyl, heteroaralkyl, alkyl alkenyl, alkyl alkynyl, alkyl 
cycloalkyl, alkyl cycloheteroalkyl, or cyano having from 1 to 20 carbon atoms, and preferably 
from 2 to 6 carbon atoms. Furthermore, when Y is carbonyl, R'4 does not exist in the 
composition. R4" and R5" may be a single oxygen atom and R4''' and R5'" may be a single 

15 oxygen atom. R4 and R5 are preferably the same or different substituted lower alkyl having 
from 2 to 6 carbon atoms including -CH, CH 2OH and -CH3CH(CH3)OH. 

There are some limitations to the scope of R„ R,', R, and R3. When R3 is 
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2-hydroxyethylamino and R, is methyl, R,'-X cannot be amino, 3-methyl-2-butenylamino, 
benzylamino, or m-hydroxybenzyl-amino. When R3 is 2-hydroxyethylamino and R2 is 
isopropyl, R,'.X cannot be benzylamino, m-hydroxybenzylamino, or 3-methylbutylamino. 
When R 3 is 2-hydroxyethylamino and R. is 2-hydroxyethyl, R,'-X cannot be benzylamino. 
When R3 is 2-propanol-2-methylamino or 2-dimethylaminoethylamino and R, is methyl, R,'- 
X cannot be benzylamino. 

The following are definitions for certain terms used herein. 

"Halogen" refers to fluorine, bromine, chlorine, and iodine atoms. 

"Hydroxyl" refers to the group -OH. 

'Thiol" or "mercapto" refers to the group -SH. 

"Lower alkyl" refers to a cyclic, branched or straight chain, alkyl group of one to ten 
carbon atoms. This term is further exemplified by such groups as methyl, ethyl, n-propyl, i- 
propyl, n-butyl, t-butyl, i-butyl (or 2-methylpropyl), cyclopropylmethyl, i-amyl, n-amyl, hexyl 
and the like. 

"Substituted lower alkyl" refers to lower alkyl as just described including one or more 
groups such as hydroxyl, thiol, alkylthiol, halogen, alkoxy, amino, amido, carboxyl, 
cycloalkyl, substituted cycloalkyl, heterocycle, cycloheteroalkyl, substituted cycloheteroalkyl, 
acyl, carboxyl, aryl, substituted aryl, aryloxy, hetaryl, substituted hetaryl, aralkyl, 
heteroaralkyl, alkyl alkenyl, alkyl alkynyl, alkyl cycloalkyl, alkyl cycloheteroalkyl, cyano. 
These groups may be attached to any carbon atom of the lower alkyl moiety. 

"Alkyl alkenyl" refers to a group -R-CR'=CR'" R"", where R is lower alkyl, or 
substituted lower alkyl, R\ R"\ R""may independently be hydrogen, halogen, lower alkyl, 
substituted lower alkyl, acyl, aryl, substituted aryl, hetaryl, or substituted hetaryl as defined 
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below. 

"AIM alkynyl" refers ,o a groups .RCM:R' R « 'o"" ^1^' °' 
tower alkyl. R' i. hydrogen. »"b«i»<«' ^"^"^ 

hetaryl, or substituted hetaryl as defined below. 

-Atoxy" denotes the group -OR, wbere R is lower alkyl. substitute, lower alkyl. acyl. 
a^l. substintted aryl. arallcy,, substttuted aralkyl, heteroallcy,, heteroarylaBcyl, cyCoalM, 
substimted eyeloalkyi, eycloheteroalkyl, or substin.t«i cycloheteroalkyl as defined. 

••AMthio" denotes the group -SR. .S(0)..,.,-R. wh.„ R is lower alkyl, substituted 
lower alkyl. arv'. -h^ituted aryl, aralkyl or subaituted aralkyl as defined herein. 

rinx whm R is hydrogen, lower alkyl substituted lower 

"Acyl" denotes groups -C(0)R, where k is nyuiug^ , 

alkyl aryl, substiwted aryl and the like as defined herein. 

' ..Aryloxy. denotes groups -OAr, where Ar is an aryl. substituted aryl, heteroaryl. or 

substituted heteroaryl group as defined herein. 

"Amino" de»>tes the group NRl.', where R and R' tnay independently by hydrogen, 
> lowe, alkyl, suhs«t„.ed lower ahcyl. s"hsti«.ted aryl, hetaryl, or substituted hetaryl as 

defined herein or acyl. 

"Anndo" de.K>tes the group -C(0)NRR'. where R and R' may independently by 
Hydrogen, lower alkyl. substituted lower alkyl. aryl. substitute* aryl. hetaryl. substttuted 

hetaiyl as defined herein. 

-Carboxyl" denotes the group -C(0)OR. where R is hydrogen, lower alkyl. substihtteJ 

lower alkyl, aryl, substituted aryl, hetaryl, arui substituted hetaryl as defined herein. 

.•Aryl-. or "A," refers to an aromatic carbocyclic group having at leas, one aromatte 
nng (e... phenyl or biphenyl) or ntultipl. condensed rings in which at least one nng is 
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aromatic, 1,2,3,4-tetrahydronaphthyl, naphthyl, anthryl, or phenanthryl). 

"Substituted aryl" refers to aryl optionally substituted with one or more functional 
groups, halogen, lower alkyl, lower alkoxy, alkylthio, acetylene, amino, amido, 
carboxyl, hydroxyl, aryl, aryloxy, heterocycle, hetaryl, substituted hetaryl, nitro, cyano, thiol, 
5 sulfamido and the like. 

"Heterocycle" refers to a saturated, unsaturated, or aromatic carbocyclic group having 
a single ring (e.g., morpholino, pyridyl or furyl) or multiple condensed rings (e.g., 
naphthpyridyl, quinoxalyl, quinolinyl, indolizinyl or ben2o[b]thienyl) and having at least one 
hetero atom, such as N, O or S, within the ring, which can optionally be unsubstituted or 
10 substituted with, eg., halogen, lower alkyl, lower alkoxy, alkylthio, acetylene, amino, amido, 
carboxyl, hydroxyl, aryl, aryloxy, heterocycle, hetaryl, substituted hetaryl, nitro, cyano, thiol, 
sulfamido and the like. 

"Heteroaryl" or "hetar" refers to a heterocycle in which at least one heterocyclic ring is 
aromatic. 

15 "Substituted heteroaryl" refers to a heterocycle optionally mono or poly substituted 

with one or more functional groups, e.g., halogen, lower alkyl, lower alkoxy, alkylthio, 
acetylene, amino, amido, carboxyl, hydroxyl, aryl, aryloxy, heterocycle, substituted 
heterocycle, hetaryl, substituted hetaryl, nitro, cyano, thiol, sulfamido and the like. 

"Aralkyl" refers to the group -R-Ar where Ar is an aryl group and R is lower alkyl or 

20 substituted lower alkyl group. Aryl groups can optionally be unsubstituted or substituted 
with, e.g., halogen, lower alkyl, alkoxy, alkylthio, acetylene, amino, amido, carboxyl, 
hydroxyl, aryl, aryloxy, heterocycle, substituted heterocycle, hetaryl, substituted hetaryl, nitro, 
cyano, thiol, sulfamido and the like. 
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.0 «.e ^.P -R-H« ^ He, .s a K.«rocyc,e and R is a 
... a.. H«e„a.M ca„ »p.o* . — o, .«i».«. - 

Halogen, ><.w. aM. -e, a.oxy, *«o, ace.>e„e, a..o, an,i.o, ca:-x,, a. 
.Ce^eyCe. >— , .e,..,, heu.,, ni»o, c,ano, «uo>, 

5 sulfamido and the like. 

„>aM" .fe. .0 *e -R-He.M w.e„ . an ^ 
^ . .„e, a,M . .u..«.e. .owe. .M- H.e™a.,a.^. can op.ona,. 

. , „„ lower aW subsUmted lower alkyl. 
™subs.inited or subslinrted wi*. e.g., halogen, lower allcyl. 

::,.o, aee^lene, a.,, a..o.. .«ero... — — .^L — 

10 hetaryl, mtro, cyano, thiol, sulfamido and the like. , ■ 3 to 15 

K,^vrUr alkvl group containing 3 to 13 
"Cycloalkyl" refers to a divalent cyclic or polycyclic alkyl gr 

carbon atoms. 

. ,n.lkvl" refers to a cycloalkyl group comprising one or more 
"Substituted cycloalkyl reters 10 j 

ogen. low. a..— .ow-- —^^^ 
, .eetylene. ar,,, arv-oxy. .=«rocycle. — ^-^'^^ 
nitto. eyano, tol, sulfamido and *e like. 

..CycloHereroalkyr .fera .o a eyeloalky, group wHe^n one or ^ of 
carbona.on,sis,eplaced«itt.ahe.eroa«.«(e.g..N,O.SorP). 

..S..n..ed eye«r •« » -«e.a.y, group aa .e.rn d^ned 
... eon., one or more — , au. aa .ogen, lower alkyl. ,ow« 

.,..o.aee.ylen.a„.no,am,do,ear.o.yl.M....a.-^-— ^^^^^ 
„,e.Ke«ryl.au.sU.u.dne.aryl,nUro,cyano,*iol,sulfamidoand«.,.k.. 

»„M eycloalM" deno.es *e group .R.cy*-yi — ^ » ^ ' 
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group and R is a lower alkyl or substituted lower alkyl. Cycloalkyl groups can optionally be 
unsubstituted or substituted with e.g. halogen, lower alkyl, lower alkoxy, alkylthio, acetylene, 
amino, amido, carboxyl, hydroxyl, aryl, aryloxy, heterocycle, substituted heterocycle, hetaryl, 
substituted hetaryl, nitro, cyano, thiol, sulfamido and the like. 

"Alkyl cycloheteroalkyl" denotes the group -R-cycloheteroalkyl where R is a lower 
alkyl or substituted lower alkyl. Cycloheteroalkyl groups can optionally be unsubstituted or 
substituted with e.g. halogen, lower alkyl, lower alkoxy, alkylthio, amino, amido, carboxyl, 
acetylene, hydroxyl, aryl, aryloxy, heterocycle, substituted heterocycle, hetaryl, substituted 
hetaryl, nitro, cyano, thiol, sulfamido and the like. 

If the final 2,6,9-trisubstituted purine compound of this invention contains a basic 
group, then an acid addition salt of the composition may be prepared. Acid addition salts of 
the compounds of this invention are prepared in a standard manner in a suitable solvent from 
the parent compound and an excess of acid, such as, but not limited to, hydrochloric, 
hydrobromic, sulfuric, phosphoric, acetic, maleic, succinic, or methanesulfonic. The 
hydrochloric salt form is especially useful 

If the final 2,6,9-trisubstituted purine compound contains an acidic group, then 
cationic salts of the composition may be prepared. Typically the acidic parent compound is 
treated with an excess of an alkaline reagent, such as, but not limited to, hydroxide, carbonate 
or alkoxide, containing the appropriate cation such as but not limited to, Na\ K\ Ca% and 
NH4* Certain of the compounds form inner salts or zwitterions which are also 
acceptable. 

The compounds of this invention are useful in inhibiting cell proliferation in mammals 
including humans. The 2,6,9-trisubstituted purines are usefiil in for example in treating 
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.0.00,0,0. 0.00. « oxpoo,. When — 
^i„i«o«dina^rdanc.wi,h.hopro.«.ttavondo. _ ^ 

oicn useful as antiinflammatory and anuim b 
con-poonds of .is — .o a,. 

, ,en.. M S.O. *o oon^-ons o^^ invon^^o, a« usoM for uoaung 

^^,.i.oo....»a.,.i™.a..-^ — .P^^^^^ ^^^^ 

P.»™.euaoa. 0O.PO*. Wu*g .he compounds 

denvatives thereoi, may 
a^„is„.ta„ powder, .a, be — «a addMon of a su,.a.>e d..»e« o 

. , „ ,f„.ed in liquid form *«eomposmoMot 
P— .aooep..ooa..erp„or»..^ > . J 

to invoauon are pr^o,*iy "O0.pora.od m.o • ^ 

H .noios of srarabie diiuonu are„o™a>iso»niosa.ir«soiu.,on..»dard5/.dox 
Examplos ol suiu fonnulatos are 

«,erar,db»fterod sodium or ammonium aceuro soiuuo. SuoHi, 
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suitable for parenteral administration, but may also be used for oral administration. 

It may be desirable to add excipients such as polyvinylpyrrolidinone, gelatin, 
hydroxycellulose, acaia, polyethylene glycol, mannitol, sodium chloride, sodium citrate or 
any other excipient known to one of skill in the art to pharmaceutical compositions including 
compounds of this invention. Alternatively, the pharmaceutical compounds may be 
encapsulated, tableted or prepared in an emulsion or syrup for oral administration. 
Pharmaceutically acceptable solid or liquid carriers may be added to enhance or stabilize 
the composition, or to facilitate preparation of the composition. Liquid carriers include, but 
are not limited to syrup, peanut oil, olive oil, glycerin, saline, alcohols and water. Solid 
carriers include, but are not limited to, starch, lactose, calcium sulfate, dihydrate, teffa alba, 
magnesium stearate or stearic acid, talc, pectin, acacia, agar or gelatin. The carrier may also 
include a sustained release material such as, but not limited to, glyceryl monostearate or 
glyceryl distearate, alone or with a wax. The amount ofsolid carrier varies but, preferably, 
will be between about 20 mg to about 1 gram per dosage unit. 

The pharmaceutical dosages are made using conventional techniques such as, but not 
limited to, milling, mixing, granulation, and compressing, when necessary, for tablet forms; 
or milling, mixing and filling for hard gelatin capsule forms. When a liquid carrier is used, 
the preparation will be in the form of a syrup, elixir, emulsion or an aqueous or 
non-aqueous suspension. Such a liquid formulation may be administered directly or filled 
into a soft gelatin capsule. 

The Examples which follow serve to illustrate this invention. The Examples are 
intended to in no way limit the scope of this invention, but are provided to show how 
to make and use the compounds of this invention. In the Examples, all 
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temperatures are in degrees Centigrade, RT indicates room temperature. 
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EXAMPLE 1 



The compounds of this invention are prepared by conventional methods of organic 
chemistry. The reaction sequence outlined in the synthesis scheme below is a general method 
5 useful for the synthesis of compounds of this invention. 2,6-dichloropurine is dissolved in 
butanol and the appropriate R, amine is added. After heating for several hours, the reaction 
mixture is cooled, and the compound 1 is obtained. To compound 1, is added, sodium 
hydride followed by R^, and compound 2 is isolated. To compound 2, R3 is added in solution 
with N-methylpyrrolidinone. The mixture is heated for an appropriate period followed by 



10 purification leading to the desired compound. 

The following compound was prepared according to the method above. 
Preparation of 2-chloro-6-(4-methoxybenzylamino) purine (1), 

The 2,6-.dichloropurine (4.06 g, 21.5 mmol) was suspended in n-butanol (150 ml) and 
the 4-methoxybenzylamine was added (3.4 ml, 26 mmol). The solution turned clear and then 
15 cloudy a few minutes later. The solution was heated at 120''C for 2 hr and then cooled. The 




Cf 
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n-butanol was evaporated followed by suspension of the residue in water and diethyl ether 
mixture. A solution of 2N NaOH (1.3ml, 26 mmol) was added and the solution stirred for 10 
min before filtration. The filtered precipitate was washed with water and a small portion of 
ether and then dried under vacuum. The residual liquor was left overnight and more crystals 
5 were collected the next day and washed with diethyl ether. Yield = 7 1 %, 

Preparation of 2-chloro-6-(4-inethoxybenzylaininD)-9-isopropylpurine (2) 
2-chloro-6-(4-methoxybenzylamino) purine was suspended in dry DMF (5 ml) and 
treated with sodium hydride, 60% dispersion (82 mg, 2.06 mmol). The suspension was 
stirred for 30 min over which time it became a clear yellow/green solution. 2-Iodopropane 
10 (0.280 mL, 1.7 eq.) was added over 5 min and the resultant solution stirred for 2 days. Water 
was added and the solution and extracted with ethyl acetate. The organic layer was 
evaporated to give the product isopropyl purine (Yield = 508 mg, 89%). 

Preparation of 2-diethanolamino-6-(4-niethoxybenzylamino)-9-isopropylpurine, 

(3). 

15 The purine (1.65g, 4.98 mmol) was dissolved in DMSO (12 mL) and diethanolamine 

(4 mL) and then heated at 140*^0 for 2-3 days and then at 160°C for 1 day. The solution was 
cooled and water saturated butanol was added (100 mL). The solution was then washed 
with water (3 x 50 mL), before being evaporated to give a brown oil. The residue was 
chromatographed over silica gel eluting with ethyl acetate, followed by 3% methanol in ethyl 

20 acetate to give the product (Yield = 730 mg, 37%) as a pale yellow oil. Yield =37%. 

'H-NMR(5 CDC13): 7.29(br s IH), 7.25(d, 2H), 6.94(br s. IH), 6.83(d. 2H), 5.43(br s.<2H), 
4.63(br s. 2H), 4.53(m IH), 3.86(t. 4H), 3.76(m, 7H). 1.47(d 6H). 

Table 1 identifies compounds of this invention that were prepared according to the 
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synthesis method set forth in this Example. 

TABLE 1 

Compounds Prepared By The Method of Example 1 





R2 


R3 


4-methoxybenzylamino 


3-cyanopropyl 


CI 


4-methoxybenzylamino 


3-chloropropyl 


CI 


4-methoxybenzylamino 


benzyl 


CI 


4-methoxybenzylamino 


Methyl 4-carboxybenzyl 


CI 


4-methoxybenzylamino 


N-phthaloylethyl 


CI 


4-methoxybenzylamino 


isopropyl 


Ethanolamine 


4-methoxybenzylamino 


isopropyl 


Diethanolamine 


4-methoxybenzylamino 


3-methylbutyl 


CI 


4-methoxybenzylamino 


2-methylpropyl 


CI 


4-methoxybenzylamino 


cyclopentyl 


CI 


4-methoxybenzylamino 


3-nitrobenzyl 


CI 


4-methoxybenzylamino 


4-nitrobenzyl 


CI 


4-methoxybenzylamino 


ethyl 


CI 


4-methoxybenzylamino 


propyl 


CI 


4-methoxybenzylamino 


3-methylbenzyl 


CI 


4-methoxybenzylamino 


4-methylbenzyl 


CI 


heptylamine 


H 


CI 


N-benzylhydroxylamine 


H 


CI 


propylamine 


H 


CI 


noradamantylamine 


H 


CI 


cyclobutylamine 


H 


CI 


3-methoxypropylamine 


H 


CI 


2-methoxyethylamine 


H 


CI 


cyclopentylamine 


H 


CI 
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dimethoxyphenethylamine 
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R2 


R3 


4-methoxybenzylamino 


Me 


CI 


3-(aminomethyl) pyridine 


isopropyl 


Ethylenediamine 


4-(aminomethyl)pyridine 


H 


CI 


6-amino- 1 -hexanol 


H 


CI 


phenethylamine 


H 


CI 


2-aminobenzothiazole 


H 


CI 


4-methoxyben2ylamino 


H 


CI 


3-phenyl- 1 -propylamine 


isopropyl 


3-pynoline 


2-aminoindane 


H 


CI 


4-methoxyphenethyIamine 


H 


CI 


4-nitrobenzylamine 


H 


CI 


2,6-difluorobenzylamine 


H 


CI 


3 -phenyl- 1 -propylamine 


H 


CI 


2*aminoindane 


Me 


CI 


4-methoxyphenethylamine 


Me 


CI 


4-nitrobenzylamine 


Me 


CI 


2,6-difluorobenzylamine 


Me 


CI 


aminomethylcyclopropane 


Me 


CI 


piperonylamine 


H 


CI 


1- 

aminomethylbenzenesulfona 
mide 


H 


CI 


aminomethylcyclohexanol 


H 


CI 


2-aminomethylbenzimida2ole 


H 


CI 


cyclohexanmethanamine 


H 


CI 


4-methoxybenzylamino 


H 


CI 
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K2 


R3 


4-methoxybenzylamino 


H 


' Cl' 


4-methoxybenzylamino 


isopropyl 


3-(Benzylamino)propionitrile 


Phenpropylamino 


isopropyl 


(R/S)-Leucinol 


2-aminoindane 


isopropyl 


Cl 


2.(4- 

Methoxyphenyl)ethylamino 


isopropyl 


Cl 


4-nitrobenzylaniino 


isopropyl 


Cl 


2,6-difluorobenzylamino 


isopropyl 


Cl 


4-methoxybenzylamino 


isopropyl 


Cl 


4-methoxyben2ylamino 


isopropyl 


Piperidine 


4-methoxybenzylamino 


isopropyl 


3-hydroxypiperidine 


Phenpropylamino 


isopropyl 


L-Histidinol 


2-aminoindane 


isopropyl 


diethanolamine 


4-methoxybenzylamino 


isopropyl 


diethanolamine 


4-methoxybenzyIamino 


isopropyl 


(S)-(-)-2-pyrrolidinemethanol 


4-methoxybenzylamino 


isopropyl 


Morpholine 


4-methoxybenzylamino 


benzyl 


diethanolamine 


4-methoxybenzylamino 


3-methylbutyl 


diethanolamine 


4-methoxybenzylamino 


2-methylpropyl 


diethanolamine 


4-methoxybenzylamino 


cyclopentyl 


diethanolamine 


4-methoxybenzylamino 


3-nitrobenzyl 


diethanolamine 


4-methoxybenzylamino 


4-nitrobenzyl 


diethanolamine 


4-methoxybenzylamino 


ethyl 


diethanolamine 


4-methoxybenzylamino 


propyl 


diethanolamine 


4-methoxybenzylamino 


3-methylbenzyl 


diethanolamine 


heptylamine 


4-methylbenzyl 


diethanolamine 
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R2 


R3 


1 N-benzylhydroxylamine 


Me 


diethanolamine 


1 propylamine 


Me 


diethanolamine 


noradamantylamine 


Me 


diethanolamine 


1 cyclobutylamine 


Me 


diethanolamine 


1 3-methoxypropylamine 


Me 


diethanolamine 


1 2-methoxyethylamine 


Me 


diethanolamine 


1 cyclopentylamine 


Me 


diethanolamine 


1 2-amino-2-methyH-propanol 


Me 


diethanolamine 


1 4-amino- 1 -benzylpiperidine 


Me 


diethanolamine 


I 4-methoxybenzylamino 


Me 


diethanolamine 


1 4-methoxybenzylainino 


isopropyl 


2-pyrrolidinol 


1 2,4-aiTnetnoxyDenzyiainine 




Tryptamine 


2-methoxybenzylamine 


Me 


diethanolamine 


2-(aminomethyl)pyridine 


IVlv 


diethanolamine 


1 A 

dimethoxyphenethylamine 


Me 


diethanolamine 


3-(aminomethyl)pyridine 


Me 


diethanolamine 


4-(aminoniethyl)pyridine 


Me 


diethanolamine 


6r amino- 1-hexanol 


Me 


diethanolamine 


1 phenethylamine 


Me 


diethanolamine 


1 2-aminobenzothiazole 


Me 


diethanolamine 


3-phenyl-l -propylamine 


Me 


diethanolamine 


1 2-aminoindane 


Me 


diethanolamine 


1 4-methoxyphenethylamine 


Me 


diethanolamine 


4-nitrobenzylamine 


Me 


diethanolamine 


1 2,6-difluorobenzylamine 


Me 


diethanolamine 
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R,'-X 


R2 


R3 


aminomethylcyclopropane 


Me 


diethanolamine 


piperonylamine 


Me 


diethanolamine 


I- 

aminomethylbenzenesulfona 
mide 


Me 


diethanolamine 


aminomethylcyclohexanol 


Me 


diethanolamine 


2-aminomethylben2imidazole 


Me 


diethanolamine 


cyclohexanmethanamine 


Me 


diethanolamine 


3 -(aminomethy l)pyridine 


Me 


diethanolamine 


4-(aminomethyl)pyridine 


2-methylpropyl 


diethanolamine 


6-amino-l-hexanol 


cyclopentyl 


diethanolamine 


phenethylamine 


propyl 


diethanolamine 


2-aminobenzothiazole 


ethyl 


diethanolamine 


3-phenyl- 1 -propylamine 


isopropyl 


diethanolamine 


2-aminoindane 


2-methylpropyl 


diethanolamine 


4-methoxyphenethylamine 


cyclopentyl 


diethanolamine 


4-nitrobenzylamine 


propyl 


diethanolamine 


2,6-difluorobenzylamine 


ethyl 


diethanolamine 


4-methoxybenzylamino 


isopropyl 


diethanolamine 


4-methoxybenzylamino 


isopropyl 


1 -amino- 1- 
cyclopentanemethanol 


4-methoxybenzylamino 


isopropyl 


(+-)-2-piperidinemethanol 


cyclopropyl 


isopropyl 


(+-)-3- Amino- 1,2- 
propanediol 


piperonylamino 


isopropyl 


CI 


4-sulfaminobenzylamino 


isopropyl 


CI 


cyclohexanolmethylamino 


isopropyl 


CI 
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R,'-X 


R2 


R3 


2-amino benzimidazolo 


isopropyl 


CI 


cyclohexylmethylamino 


isopropyl 


CI 


3-phenylpropylamino 


isopropyl 


CI 


cyclopropylmethylaraino 


cyclopentyl 


CI 


piperonylamino 


isopropyl 


diethanolamine 


4.-Tn eth ox vbenzvlamino 


isopropyl 


diethanolamine 


4-methoxybenzylamino 


isopropyl 


Disopropylamine 


4-methoxybenzylamino 


isopropyl 


Trans-2-aminocyclohexanol 


4-methoxybenzylamino 


isopropyl 


(R)-2- Aniino-3-phenyl- 1 - 
propanol 


4-methoxybenzylamino 


isopropyl 


(4S,5S)-(+)-5-ammo-2,2- 
dimethyl-4 




isopropyl 


l-(3-aminopropyl)imidazole 




isopropyl 


4-hydroxy-4- 
phenylpiperidine 


4-methoxybenzylamino 


isopropyl 


S-Benzyl-L-cysteinol 


4-methoxybenzylamino 


isopropyl 


(-i-)-Epinephrine 


4-methoxybenzylamino 


isopropyl 


Diallylamine 


4-methoxybenzylamino 


isopropyl 


Piperazine 


4-methoxybenzylamino 


isopropyl 


(+.). 

(Methylaminomethyl)benzyla 
Icohol 


4-methoxybenzylamino 


isopropyl 


(S).(+)-2- 
(Anilinomethyl)pyrrolidine 


4-methoxybenzylamino 


isopropyl 


4-(Allylamino)-4-methyl-2- 
pentanol 


4-methoxybenzylamino 


isopropyl 


3-(2- 

hydroxyethylainine)propan- 
l-ol 
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Kj -A 


R2 


R3 


4-methoxybenzylamino 


isopropyl 


1 , 1 '-dimethyl- 1 , 1 '-dipropyl- 
2,2'- 
imidodiethanol 


4-niethoxyben2ylamino 


isopropyl 


3,3'-iminodi-2-butanol 


4-methoxy benzyl amino 


Me 


ethanolamino 


4-chloroben2yloxy 


H 


CI 


4-chlorobenzyloxy 


Me 


CI 


4-chlorobenzylamino 


Trifluoromethyl 


CI 


4-methoxybenzylamino 


Trifluoromethyl 


CI 


4-methoxybenzylamino 


benzyl 


CI 


4-methoxybenzylamino 


isopropyl 


2-aminoethylamino 


4-methoxybenzylamino 


2-0-TBDMS-ethyl 


diethanolamino 


4-methoxybenzylamino 


perfluoroisopropyl 


CI 


4-methoxybenzylamino 


perfluoroisopropyl 


diethanolamino 


4-methoxyben2ylamino 


2-hydroxyethyl 


diethanolamino 


4-methoxybenzylamino 


isopropyl 


l,3-diamino-2- 
hydroxpropane 


4-methoxybenzylamino 


isopropyl 


N-(4-hydroxypiperidino) 


4-methoxyben2ylamino 


isopropyl 


N-pyrrolidino 


3-phenylpropylamino 


H 


CI 


2-aminoindanyl 


H 


CI 


2-^ 4-methoxvnhpnvn 
ethyl amino 


fl 


PI 


4-nitrobenzvl amino 


u 

n 


c\ 


2 - 6 -d i fl uorobenzvl am i n n 


ii 


C\ 
V-/1 


4-methoxvbenzvI am i no 




iN-\^z-cyanopropyi ^-im-v^ j** 
pyridylmethyl)-amino 


4-methox vben 7 V 1 amino 


louprupyi 


z-^^nyuroxyinciiiyij-j- 
methylbutan-2-amino 


3-phenylpropylamino 


isopropyl 


CI 


2-aminoindanyl 


isopropyl 


CI 


2-(4. 

methoxyphenyl)ethylamino 


isopropyl 


CI 


4-nitrobenzylamino 


isopropyl 


CI 


2,6,difluorobenzyIamino 


isopropyl 


CI 
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R, -X 




R3 


4-methoxybenzylamino 


isopropyl 


0 ^^-imirfflynlemethvn 
ethanolamino 


j-pnenyipropyidininc) 


iconronvl 


diethanolamino 


4-nieinoxyDenzyiainino 


isooroovl 


N-(3-hy<lroxpyrroUdino) 


4-iTieinoxyDcnzyiarnino 


1 <5nr>rnn vl 


2-(3-indole) ethylamino 


4-methoxybenzylamino 


isopropyl 


2,3-dihydroxypropylamino 


3-phenylpropylamino 


cyclopentyl 


n 


4-melhoxybenzylamino 


isopropyl 


hydroxyethylamino 


4-methoxybenzylamino 




CI 


4-methoxybenzylamino 


9 -n nnh tVi vl m eth vl 


CI 


4-methoxybenzylamino 




CI 


4-methoxyben2ylamino 


1 -nanV»thvlmf*thvl 


CI 


4-methoxybenzylamino 


A-mpthvlQtilViene 


CI 


4-methoxybenzyl amino 


pnoYvmpthvl 

CUUA y lllwilljr 1 


CI 


4-methoxybenzylamino 


7 '^-flihvfiroynroovl 


diethanolamino 


4-methoxybenzylamino 


4-nVi(»nvlhen7vl 


diethanolamino 


4-metnoxyDenzyiammo 


7-nhf*nvlbenzvl 


diethanolamino 


4-methoxyb enzyl amino 


9 -TiflnhtVivlmethvl 


diethanolamino 


4-methoxybenzylamino 


1 -nanhthvlmethvl 


diethanolamino 


4-methoxybenzylamino 


A mAtVivlctilVtpnp 
'T-rnciiiyioinuciic 


diethanolamino 


4-methoxybenzylamino 


nlpvl 


diethanolamino 


4-phenylbenzyl amino 


i<;nnrnnvl 


3-amino- 1 ,2-propanediol 


4-phenylbenzylammo 


i<;nnronvl 


hexanolamino 


4-phenylbenzylammo 


i Qnnrnnvl 


bis(methoxyethyl) amino 


4-phenylbenzylamino 




fiirfurylamino 


4-phenylbenzylamino 


i^nnrnnvl 


diethylamino 


4-phenylbenzylamino 


1 cfinrnnvl 


ethanolamino 


4-phenylbenzylamino 


isopropyl 


morpholino 


4-phenylbenzylamino 


isopropyl 


o A i-itrvKatVi/^wHpTiTvl amino 


4-phenylbenzylamino 


isopropyl 


4- 

trifluoromethoxybenzylamino 


4-pnenyiDenzyiammo 


isonronvl 


diisopropanolamino 


4-phenylbenzylamino 


isopropyl 


2-amino-l ,3-propanediol 


4-phenylbenzylamino 


isopropyl 


diallyl amino 


4-bromobenzylamino 


isopropyl 


CI 



3D 



wo 98/05335 



PCTAJS97/13386 



R,'-X 


R2 


R3 


H- orumoaiii lino 


isopropyl 


CI 


H-Dionio Dcuzy laniino 


isopropyl 


diethanoiamino 


4-bromoanilino 


isopropyl 


diethanolamino 


N-methyl-4- 
phenylbenzylamino 


isopropyl 


CI 


'f-pnenyianiiino 


isopropyl 


diispropanolamino 


iN-ineinyi-4- 
phenylbenzylamino 


isopropyl 


diethanolamino 


benzylamino 


ethyl 


ethanolamino 


4-methyIbenzylamino 


methyl 


ethanolamino 


4-ethylbenzylamino 


methyl 


ethanolamino 


4-bromanlino 


isopropyl 


4-bromoanilino 
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EXAMPLE 2 

Exan^l. d«crib=s a .e*od ^ P«pan„i conn>o«* «f — ■ 

Example 1. 




butanol, A 




N-methylpyrroUdinone cr^i 




The following compound «as prepaid according .o .he *>ve. 
Preparation oC2,Mlchloro-9-taop«pylp«riiie (4). 

TO a soWon of 0 67s on,««oropurtne in 5^ of d. DM. a. roon, .en.pe.a,o. 

„ evointion, a ia,. e.ce. . n., of isop^P. iodide added . .he an-omc 

3o«on. This «acU„n .iu.,on s.i„ed *ree days a. an.hie„. ^ 
,«o.ionwas,u»ched.*30..or»a.ande.ac.edwi.he.hy.ace««<3«0.U 

^e organic e,™^ we. con,hh.ed and ha. washed »i.h 3XS0 of wa.er 
. foaowed hy.0..ofh.ne. The e..ace.eso,.on was d.edo»a.,d.ons ma.es.™ 
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chromatography on silica gel with hexane/ethyl acetate mixtures and yielded 0.37gms of 
desired N-9 product (45%) and 0,08gms of the N-7 isomer(10%). 
Preparation of 2-chloro-6-anilino-9-isopropylpurine (5). 

2,6-dichloro-9-isopropylpurine (0.019 g, 0.081 mmol) was dissolved in butanol (0.5 
5 ml) and aniline (0.044 ml, 0.244 mmol) was added. The reaction mixture was heated to 
120*^0 for 10 hr, cooled, diluted with EtOAc and washed 3 times with water. The mixture 
was dried over MgS04 and concentrated to an off white solid. 

Preparation of 2-diethanolamino-6-(4-phenylanilino)-9-isopropylpunne (6)* 

A solution of 67mgs of 2,6-dichIoro-N-9-isopropylpurine and lOOmgs of 
10 4-phenylaniline in 1 mL of n-octanol was heated to 80°C for 24 hours. The n-octanol was 
removed in vacuo and then replaced with I mL of 40% diethanolamine in DMSO. The 
solution was heated at IBO^C for 48 hours. The reaction was cooled to ambient 
temperature then diluted with 10' mL of water and subsequently extracted with ethyl acetate 
(3X30 mL). The organic extracts were combined and back washed with 3X20 mL of water 
15 followed by 10 mL of brine. The ethyl acetate solution was dried over anhydrous magnesium 
sulfate and filtered and the solvent was evaporated. The 65mgs of crude product was 
crystallized from THF-ether solution to yield 28mgs of pure product(23%). 

Table 2 below identifies compounds of this invention that were prepared according to 
the general synthesis method set forth in this Example. 
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TABLE 2 



Compounds ] 


Prepared By The Method Ol 


r Example 2 


R,'-X 


R2 


R3 


S-aminoquinoline 


isopropyl 


Cl 


6-aniinoquinoline 


isopropyl 




Cl 





^3 
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R,'-X 


R2 1 


R3 


B-aminoquinoiine 


isopropyl \ 


CI 


anilino 


isopropyl | 


CI 


3,5-dinitroaniline 


isopropyl ] 


CI 


4-butytaniline 


isopropyl | 


CI 


S-aminoquinoline 


isopropyl | 


diethanolaminc 


6-aminoquinoline 


isopropyl | 


diethanolamine 


3-aminoquinoline 


isopropyl \ 


diethanolaminc 


aniline 


isopropyl | 


diethanolamine 


3,5-dinitroaniline 


isopropyl 


diethanolamine 


4-butylaniline 


isopropyl ) 


diethanolamine 


2-amino-6-ethoxybenzothiazole 


isopropyl | 


CI 


4-(2-amniomethyl)morpholine 


isopropyl | 


CI 


4-( 1 -aminomcthy l)benzenesulfonamidc 


isopropyl | 


CI 


4-bromoantline 


isopropyl | 


diethanolamine 


3,4-dichloroaniline 


isopropyl | 


diethanolamine 


2-(2-aminoethyl)-l-mcthylpyrrolidine 


isopropyl | 


diethanolamine 


3-bromoaniline 


isopropyl 


CI 


4-anisidine 


isopropyl 


diethanolamine 


4-iodoaniline 


isopropyl 


CI 


3-iodoaniline 


isopropyl 


CI 


m-anisidine 


isopropyl 


1 


1 -(2-aminocthyl)piperidine 


\sopropyl 


1 diethanolamine 


I -(2-aminoethyl)pyrrolidine 


isopropyl 


diethanolamine 


1 -aminoindane 


isopropyl 


diethanolamine 


2-amino-6-ethoxybenzothiazole 


isopropyl 


diethanolamine 


4-(2-amnioethyl)morpholine 


isopropyl 


diethanolamine 


4-{ \ -aminomethyl)benzenesulfonamide 




diethanolamine 


4-bromoaniline 


isopropyl 


diethanolamine 


3,4-dichloroaniline 


isopropyl 


diethanolamine 


2-(2-aminoethy 1)- 1 -methylpyrrolidine 


j isopropyl 


diethanolamine 



3+ 
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R,'-X 


R2 


R3 


3-bromoaniiine 


isopropyl 


dtethanoiamine 


4-anisidine 


isopropyl 


diethanolamine 


4-iodoaniline 


isopropyl 


diethanolamine 


3-iodoaniline 


isopropyl 


diethanolamine 


m<anisidine 


isopropyl 


diethanolamine 


1 -(2-aminoethyl)pipcridine 


isopropyl 


diethanolamine 


1 -(2-aminoethyl)pyrrolidine 


isopropyl 


diethanolamine 


l-aminoindane 


isopropyl 


diethanolamine 


3-iodoaniline 


isopropyl 


diethanolamine 


3-iodoaniljne 


isopropyl 


diethanolamine 


3-phenoxyaniline 


isopropyl 


diethanolamine 


4-iodoaniline 


isopropyl 


diethanolamine 


4-phenoxyaniiine 


isopropyl 


diethanolamine 


3-phenoxyaniline 


isopropyl 


diethanolamine 


4-iodoanline 


isopropyl 


diethanolamine 


2-fluorenylamino 


isopropyl 


diethanolamine 


l-fluorenylamino 


isopropyl 


diethanolamine 


2-anthracenylamino 


isopropyl 


diethanolamine 


l-anthracenylamino 


isopropyl 


diethanolamine 


2-(6-ethoxybenzoihiazoie)amino 


isopropyl 


diethanolamine 


2-phenylbenzylamino 


isopropyl 


diethanolamine 


4-phenylbenzyi amino 


isopropyl 


diethanolamine 


2-naphthylmcthylamino 


isopropyl 


diethanolamine 


1 -naphthyimethylamino 


isopropyl 


diethanolamine 
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EXAMPLE 3 

This Example describes a method for preparing compounds of this invention. The 
this Example is only slightly modified from that disclosed in 



5 synthesis method disclosed in 
Example 1. 





NaH 



A.N-nieihy»pywolidnone 

Or 
"coupling" 




The following conipound prepared according to the method above 
,0 PreparaUon „t2,Ml<Jiloro-9-lsopr»pylp«rine (4). 



Ue 2,6*Worop«rine (5.00 g, 26.46 mmol) was suspended in 55 ml of dry DMF a. 
^ temper^nre and treated with sodinn. hydride, 60o/. dispersion ,1.27 g. 31.75 tntn^l) 
^ i„ portions. After strrHng for 1 lu. 2.,odop,opa„e (4.5 ml, 44.98 mmol, was added and 
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the reaction stiired for 2 days. The reaction was poured into diethyl ether and washed once 
with saturated sodium bicarbonate solution and once with water. The mixture was dried over 
anhydrous sodium sulfate and concentrated in vacuo. The concentrate was chromatographed 
over silica gel eluting with 10% acetone in dichloromethane solution to give the desired N-9 
alkylation product as a white solid. Yield = 47%. 

Preparation of 2-chloro-6-(4-methylmercapto) anilino-9-isoproplypurine (5A). 

2,6-Dichloro-9-isopropylpurine (0.15 g, 0.649 mmol) was dissolved in n-butanol (4 
ml) and 4-(methylmercapato) aniline (0.089 ml, 0.714 mmol) and triethylamine (0.20 ml, 1.43 
mmol) were added. The reaction mixture was heated at 80° overnight. The cooled reaction 
was diluted ethyl acetate and washed 1 x IM HCI, 1 x saturated sodium bicarbonate, and 1 x 
brine before being dried with anhydrous sodium sulfate and concentrated in vacuo. The 
residue was chromatographed over silica gel and eluting with 2% methanol in 
dichloromethane to give the desired product as a white solid. Yield = 83%. 
Preparation of 2-diethanolamine-6-(4-methylmercapto) aniIino-9-isopropylpurine (6A). 

The purine (0.18 g, 539 mmol) was dissolved in N-methylyrrolidinone (3 ml) and 
diethanolamine (1 ml) and then heated at 120°C overnight. The cooled reaction was poured 
into diethyl ether and washed three times with water before drying over anhydrous sodium 
sulfate and concentrating in vacuo. The residue was chromatographed over silica gel eluting 
with 5% methanol in dichloromethane to give the desired product as an off-white solid. Yield 
= 82 %. 'H-NMR(6, CDCI3) : 8.08(s,lH), 7.58(d, 2H), 7.47(s,lH), 7.18(d, 2H), 4.95(br s. 
<2H), 4.52(m, IH), 3.94(m, 4H), 3.83(m,4H), 2.43(s, 3H), 1.47(d, 6H). 
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Preparation of 4.(2-thienyl) benzonitrile. 

some R,' poups ■»« firs, be syn^esi^ before rea«ir« wi* Ure 2,MicWoro.9. 
isopropylp^ine. TT^se groups can be synUresrzed rtoough vsHous coupling merhods «nd 
S o*cr syncretic procedures kno»n to .hose skilled in .he ar. of organic synthesis. 

TO a pressu-e .ube was added 4.bromobenzoni«ile (0.20 g, UO n,n»l), 
.^rakisCUiphenylphosphin.) palUdium (0) (0.127 B, 0.1 e<0 and 2.d,iopheneboro„,c add 
(0 2U g. 1.65 nunol). m reaction was Hushed unte vacuum and Hushed with dry ni»og«r 
^ times. Following flushes, eihyleneglyco, drmchyl e,her (5.5 ml) and an a^us 
solutionofsodiumcarbona.e(2.53ml.lM)wereadded.oti,embe. The .ube was tiren scaled 

and hea^d a. SO'C ovemrgh.. The cooled reaction was d,e dilu^d wi«, die*yl e*er and 
washed twice witi, water before drying o.er sodium sulfas and conc=n.rating in vacuo. The 
^.due was chroma^graphed over siUca gel elnting with 10% ethyl aceut. in hexane .o gtve 
Ure desired product as a white solid. Yield - 84%. 
15 Preparatloiiof4-(2-thleiiyl)be»zyUmioe. 

The 4-(2..hienyl)ben^nitiil. (0.086 g. 0.464 mmol) was dissolved in dry 
,«^ydrofi™ (1.6 ml, before liihium aluminum hydr.de (0.46 ml, 0.464 mmol, . M in 
THF, was added dropwise. The ration was flowed «, s.ir a. ro«n .empemure overmght. 
TLC (5% methanol .n dichloromethane) still showed s«r.ing material remaining. Anodrer 1 

Reset method using wager (17.46pl), aeneous sodium hydroxide solution (17.46.1, 15% 
soln.,. and water (52.37 added se,uentially to tite reaction. The reaction was then dilut«l 
»i.h d,eti,yl etiter and wat« and extracted twice with diethyl ether before do^ng over sodrum 
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sulfate and concentrating in vacuo. The residue was carried on crude without any further 
purification. Yield = 89%. 

Table 3 below identified compounds of this invention that were prepared according to 
the general synthesis method set forth in this Example. 



5 Table 3 

Compounds Prepared By The Method of Example 3 



R,'-X 


R2 


R3 


CI 


Me 


CI 


ethanolamino 


Me 


ethanolamino 


cyclopropylmethylamino 


isopropyl 


CI 


cyclopropylmethylamino 


isopropyl 


diethanoiamino 


3,5-dinitroanilino 


isopropyl 


CI 


3-phenoxyanilino 


isopropyl 


CI 


4-iodoamiino 


isopropyl 


CI 


3-aminoquinolino 


isopropyl 


CI 


3,5-dinitroanilino 


isopropyl 


diethanoiamino 


CI 


epoxymethyl 


CI 


4-methoxybenzylamino 


2,3-dihydroxypropyl 


diethanoiamino 


4-phenylanilino 


isopropyl 


diethanoiamino 


4-phenylbenzylamino 


isopropyl 


CI 


2-naphthalenylmethylamino 


isopropyl 


CI 


1 -naphthalenylmethylamino 


isopropyl 


CI 


2-phenylbenzylamin6 


isopropyl 


CI 


3-quinolinylamino 


isopropyl 


diethanoiamino 


5 -quinohny lamino 


isopropyl 


diethanoiamino 


6-quinolinylamino 


isopropyl 


diethanoiamino 


8-quinolinylamino 


isopropyl 


diethanoiamino 


n-butyl amino 


isopropyl 


CI 


4-(2-thiophenyl)benzylamino 


isopropyl 


deithanolamino 


4-(2-thiophenyl)benzylamino 


isopropyl 


CI 


3-thiomethoxyanilino 


isopropyl 


CI 


4-thiomethoxyanilino 


isopropyl 


CI 


3 -thiomethorxy ani lino 


isopropyl 


diethanoamino 


4-thiomethoxyaniiino 


isopropyl 


diethanoamino 


4-(2-pyridinyl) benzylamino 


isopropyl 


CI 


3 -methoxybenzy lamino 


isopropyl 


CI 


3,4-dimethoxyben2ylamino 


isopropyl 


CI 


3,4,5-trimethoxyenzylamino 


isopropyl 


CI 


3-methoxybenzylamino 


isopropyl 


diethanoiamino 
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^ 4-dimethoxYbenzvlamino 


R2 

isopropyl 


R3 

diethanolamino 
diethanolamino 


3 ,4,5-trimethoxbenzy lamino 
4-(3-thiophenvl)benzylamino 
4-(4-methoxphenyl) 
benzylamino 


isopropyl 
isopropyl 
isopropyl 


CI 
CI 


4-(4-bromophenyl) 
benzylamino 


isopropyl 


diethanolamino 


4-(3- methoxyphenyl) 
benzylamino 


isopropyl 


diethanolamino 


4-(4-methoxypheny) 

benzylamino 


isopropyl 


di ethano lamino 


4-(3-thiophenyl) 
benzylamino 


isopropyl 


Ul WUICUIVJ IM&UAAW 


4-(3-methylpheny) 
benzylamino 


isopropyl 


CI 


4-(4-methylphenyl) 
benzylamino 


isopropyl 


CI 


4-{4-trifluoromethylphenyl) 
benzylamino 
3-(4 nitrilophenyDanilino 
3>(4-nitrilophenyl)anilino 
4-(2-pyridinvl)benzylamino 
4-f 2-pryidinyl)benzylammo 


isopropyl 

isopropyl 

isopropyl 

isopropyl 
isopropyl 


CI 
CI 

diethanolamino 

CI 

1 diethanolamino 
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EXAMPLE 4 

This Example describes a method for preparing compounds of this invention. The 
synthesis method disclosed in this Example is only slightly modified from that disclosed in 
Example 1 . 




R, 



NaH 




The following compound was prepared according to the method above. 
Preparation of 2-ainino-6-chIoro-9-methylpurine (7). 

The 2-amino-6-chloropurine (1.08 g, 6.4 mmol) was suspended in dry DMF (75 ml) 
and treated with sodium hydride, 60% dispersion (0.28 g, 7 mmol). The suspension was 
stirred for 15 min before iodomethane (0.44 ml, 7.06 mmol) was added and the resulting 
yellow solution stirred for 1 hr 45 min. The solid was filtered and the filtrate evaporated 
before addition of water for 10 min. The resulting solid was filtered and dried overnight to 
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give*epod»c.as.mix««ofN.7 andN.9alMationp.oducts. The residual li,uor 
overnight and more crystals »ere colleoted toe .«xt day and dried. Yield - 77%. 
Preparatk.. of («htoro.2-(2-metl..xyacetylaml..V9-metl.ylp«rllie (8). 

The mixture ot isomers ten ahov. ^ dissolved in diohloromethane and pyridine (2 
^ followed by treatment with m«hox,acetyl chloride (4 e«. The reaction was stin»i a. 
^m temperan-re unm complete. The reacUon was evaporated and fitted through a plug of 
silicia ,el eluting wift 2% methanol in dichloromethane followed by purificatton on a 
chomatotron usmg silica gd and eluting with 2% methanol in dichloromethane to isolate the 

desired product. Yield = 31%. 

Table 4 identifies compounds of this invention that were prepared according to the 

synthesis method set forth in this Example. 

Table 4 

Compounds Prepared By The Method of Example 4 
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EXAMPLE 5 

This Example describes a method for preparing compounds of this invention. The 
synthesis method disclosed in this Example is only slightly modified from that disclosed in 
Example!. 




N-methylpyrrotidinona 




The following compound was prepared according to the method above. 
Preparation of 2-chloro-6-(4-phenyl benzylamino) purine (9). 

The 2,6-dichloropurine (5.0 g, 26.45 mmol) was suspended in n-butanol (50 ml) and 
the 4-phenylbenzylamine (6.61 g, 29.1 mmol) and triethylamine (4.1 ml, 29.1 mmol) were 
added. The solution was heated at 120^C overnight then cooled. Filtered off product using 
excess n-butanol and washed precipitate with ICQ ml IM HCl and 200 ml water. The solid 
was dried in vaccum over overnight at 70^C to give the desired product as a pale yellow solid. 
Yield = 99%. 

Preparation of 2-diethanoIaniino-6-(4-phenyl benzylamino) purine (10). 
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The 2-chloro-6.(4-phenyl benzylamino) purine (2.0 g, 5.96 mmol) was added together 
with diethanolamine (11.4 ml, 119.2 mmol) and N-raethylpynolidinone (10 ml) and heated at 
120°C overnight. The cooled reaction was poured into dichloromethane and washed twice 
with water. The organic layer was dried with anhydrous sodium sulfate and concentrated m 
vacuo to give the desired product as a pale green solid which was ftirther dried in vacuum 
oven at 70°C for 2 days. 

Preparation of 2-dlethanolamlno-6-(4-phenyl benzylamino)-9-methylpurine (11). 

The 2-diethanolamino-6-(4-phenyl benzylamino) purine (0.050 g. 0.124 mmol) was 
dissolved in dry DMF and treated wit sodium hydride, 60% dispersion (5.5 mgs, 0.136 mmol) 
for 1 hr. iodomethane (0.009 ml, 0.148 mmol) was added and the resultant solution stirred at 
room temperature overnight. Poured reaction into diethyl ether and washed twice with 
saturated sodium bicarbonate solution before drying over anhydrous sodium sulfate and 
concentrating in vacuo. The residue was chromatographed over silica gel eluting with 5% 
methanol in dichloromethane to give the produce as a white solid. Yield = 63%. 
,H-NMR(8, CDC13): 7.55 (m,4H), 7.41 (m, 4H) 7.35(m, 4H), 6.41 (br s, < IH), 5.10(br s, 
<2H), 4.72 (br s, 2H), 3.86 (m, 4H), 3.74(m, 4H), 3.59(s, 3H). 

Table 5 identified compounds of this invention that were prepared according to the 
synthesis method set forth in this Example. 

Table 5 

Compounds Prepared By The Method of Example 5 







R3 


4-phenvlbenzylamino 
4-phenylbenzylamino 
4-phenylbenzylamino 
4-phenylbenzylamino 
4-phenylbenzylamino 


R2 

methyl 
cyclopentyl 
allvl 
benzyl 
3-methylbutyl 


diethanolamino 
diethanolamino 
diethanolamino 
diethanolamino 
diethanolamino 
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4-phenylbenzYlaniino 


isobutyi 


diethanolamino 


4-phenylbenzvlaTnino 


t-butylacetate 


diethanolamino 


4-phenylbenzylamino 


methylacetate 


diethanolamino 


4-phenylben2ylamino 


cyclobutyl 


diethanolamino 


4-phenyIbenzYlainino 


ethyl 


diethanolanimo 


4-phenylbenzvlamino 


propyl 


diethanolamino 
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EXAMPLE 6 

Composition of this invention were evaluated in the following assays. 
CDK2 assays; 

Compositions of this invention were assayed to determine their CDK2 inhibitory 
activity. The assay system (total volume of 50 fil) contained 50 mM Tris-Cl, 
pH 7.4, 10 mM MgCK, 5 mM DTT, 1 ng of histone HI, 30 jiM ATP (1 ^Ci of gamma^P 
labeled ATP), 10 Jig of BSA and 1 ng of purified CDK2. After incubation at 30°C for 
30 min, the reaction was terminated by the addition of 10 jil of 10% TCA and the 
samples were blotted onto to nitrocellulose filters. These filters were washed 
extensively in 10% TCA and assayed for radioactivity. Blanks contained no enzyme. 
To ascertain the potency of various compounds of this invention, the compounds were 
added to the above assay at concentrations ranging from 100 to 0.02 jig/ml. After 
incubation at 30 min., the assay tubes were processed as above. In all assays, 
various concentrations of olomoucine were added and were used as a standard 
positive control. The IC50 (enzyme) listed in Table 6 is defined as the concentration 
required to inhibit CDK2 activity by 50%. 
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EXAMPLE 7 

Cell Proliferation Assay s- 

Early passage rat aortic smooth muscle cells (CV Therapeutics Cell repository) were 
seeded in 48 well dishes (Falcon, ml/well) at a density of 20,000 cells/ml of DME containing 
5% heat inactivated bovine serum. The cells were incubated in a standard tissue 
culture incubator for 48 hr. The medium was aspirated and the wells were 
replenished with 0.2 mi of fresh medium. Compounds of this invention were 
added at concentrations ranging from 100 to 0.37 Mg/ml. After 48 hr incubation, 
the medium was aspirated and the cultures were treated with 0.2 ml of saline 0.25 
^1 of phenozine methosulfate solution containing MTS (Cell Titer 96® Aqueous 
Non-radioactive cell proliferation assay kit. Catalog # G 5430, Promega, 2800 
Woods Hollow Road, Madison, WI 53711-5399). The IC«, cells listed in Table 6 is 
defined as the concentration required to inhibit cell proliferation by • 50%. 
Olomoucine at various concentrations was added and was used as a standard 
positive control. 

TABLE 6 



R/-X 


R2 


R3 


ICao (Mg/mL) 
enzyme 


IC„ (Mg/mL) 
cells 


benzylamino 


Me 


cthanolamino 


7 


70 


' 4-methoxybenzylamino 


H 


CI 


60 


NA 


4-methoxyben7yIamino 


Me 


CI 


6 


>70 


4-methoxybenzylamino 


Me 


ethanolamino 


4 


48 


4-chlorobenzyloxy 


H 


CI 


60 


NA 


4-chloroben2yloxy 


Me 


CI 


60 


NA 


4-ch)orobenzyloxy 


trifluoromethyl 


CI 


>60 


NA 


4-methoxybenzyIamino 


isopropyl 


CI 


4 


77 



HI 
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D * V 

K, -X 


R2 


R3 I 


[C,o(Hg/mL) 
enzyme 


cells 


4-methoxybenzylamino 


isopropyl 


ethanolamino 


4 


43 


4-methoxybenzylamino 


Me 


diethanolamino 


4 


48 


4-methoxybenzylamino 


2-methylpropyl 


CI 


60 >70 


ethanolamino 


Me 


ethanolamino 


>60 


>70 


4-methoxybenzylamino 


trifluoromethyl 


CI 


>60 


>70 


4-methoxybenzylamino 


benzyl 


CI 


>60 


>70 


ethanolamino 


H 


benzylamino 


>60 


NA 


4-methoxybenzylamino 


isopropyl 


diethanolamino 


0.2 


2.1 


4-methoxybenzylamino 


perfluoroisopropyl 


CI 


>45 


NA 


4-mcthoxybenzylamino 


perfluoroisopropyl 


diethanolamino 


40 


NA 


4-methoxybenzylamino 


ispropyl 


' 3-pyrroline 


1 


12.5 


4-methoxybenzyiamino 


hydroxyethyl 


diethanolamino 


0.5 


62 


4-methoxybenzylamino 


isopropyl 


serinol 


0.4 


15 


4-methoxybenzylamino 


isopropyl 


1 ,3-diamino-2- 
hydroxypropane 


0.6 


25 


4-methoxybenzylamino 


3-cyanopropyl 




>60 


NA 


4-methoxybenzylamino 


3-chloropropyl 




>60 


NA 


4-methoxybenzylamino 


benzyl 


CI 


>60 


NA 


4-methoxybenzylamino 


Methyl 4- 
carboxybenzyl 


CI 


>60 


NA 


4-methoxybcnzylamino 


Naphthaloylethyl 


CI 


>60 


NA 


4-chlorobenzylamino 


Trifluoromethyl 


CI 


I 


NA 


4-methoxybenzylamino 


isopropyl 


N-(2-cyanopropyl)- 
N-(3- 

M«imri«f imptVivM- 
pyriuyimeinyi; 

amino 


I 


NA 


4-methoxybenzylamino 


isopropyl 


2-(hydroxymethyl)- 
3-mcthylbutan-2- 
amino 


1 


NA 


4-methoxybenzylamino 


isopropyl 


3- 

hydroxypipcridino 


I 


NA 


cyclohexylmethylamino 

pipcronylamino 
4-methoxybenzylamino 
anilino 


isopropyl 

isopropyl 

isopropyl 

isopropyl 


CI 

diethanolamino 
diisopropanolamin 
CI 


I 

0.8 

0 0.8 
1 


NA 

NA 

NA 
NA 
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R3 


ICso (Mg/mL) 
enzyme 


IC„{»ig/mL) 
cells 


4-methoxybenzylamino 


isopropyl 


N-benzyl-N-2- 
hydroxyethylamino 


1 


NA 


4-phenylanilino 


isopropyl 


diethanolamino 


0.6 


NA 


4-phenylbenzylamino 


isopropyl 


diethanolamino 


0.6 


NA 


4-phenylbenzyiamino 


isopropyl 


3-amino-l»2- 
propanediol 


0.6 


NA 


4-(2- 

thiophenyl)benzylamino 


isopropyl 


diethannolamino 


0.5 


NIA 


4-(4-methylphenyl) 
benzylamino 


isopropyl 


diethanolamino 


0.6 


NA 


4-{4- 

trifluoromethylphenyl) 
benzyalmino 


isopropyl 


diethanolamino 


0.6 


NA 


4-thjotnethoxyantlino 


isopropyl 


CI 


0.6 


NA 


3-(4-nitrilophenyl) 
anilino 


isopropyl 


diethanolamino 


0.5 


NA 


3-thiomethoxyaniiino 


isopropyl 


diethanolamino 


O.I 


NA 


4-thiomethoxyanilino 


isopropyl 


diethanolamino 


0.07 


NA 


3-methoxybenzylamino 


isopropyl 


CI 


0.9 


NA 


4-(2-pyridinyl) 
benzylamino 


isopropyl 


diethanolamino 


0.16 


NA 


3-methoxybenzylamino 


isopropyl 


diethanolamino 


0.5 


NA 



The inhibition of cell proliferation properties of the compounds of this invention are 
demonstrated by their ability to inhibit cell proliferation in the range of about 0.05 ^ig/ml to 
100 Hg/ml, preferably less than 0.5 ng/ml. 
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EXAMPLE 7 

A compound of this invention was evaluated for effectiveness using the Murine 
Leukemia Model. The Murine Leukemia Model is a standard model used in the evaluation of 
antitumor agents. CDFl mice were injected ip with L1210 cells (1x10^ cells/mouse). 
Twenty-four hours later, these mice were treated with various doses (ip) of compound 3 of 
Example 1 in saline. The dosing regimen used in this study is outlined in Table 7, below. 
Mice were dosed with compound 3 daily or on alternate days. Control mice received saline. 
After 7 days, dosing was suspended and survival monitored. 



Table 7 . 




Treatment 




N 


Median 
survival time 
Days 


T/CxlOO 


Saline control 




7 


10(9-13) 


100 












Compound 3 


0.5 mg/kg bid 


7 


11(10-15) 


110 




l.Omg/kgbid 


7 


13(11-13) 


130 




2 mg/kg bid 


7 


12(10-14) 


120 




4 mg/kg - days 
1,3,5,7 


7 


13(10-15) 


130 




8 mg/kg - days 
1,3.5,7 


7 


13 (12-16) 


130 



The results indicate that rats administered compound 3 survived longer than the control rats. 
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EXAMPLE 8 

This example measured the effect of an acute local delivery of compound 3 of 
Example 1 in reducing neointima fonnation following balloon angioplasty in the rat carotid 
artery model. In this example, the left common carotid arteries of adult male rats (n=10 per 
experimental group) werfe surgically injured using a Fogarty arterial embolectomy catheter. 
Immediately after injury, the common carotid artery was bisected with a vascular clamp, 
thereby establishing an untreated and treated segment. A drug delivery catheter was then 
inserted into the distal half of the common carotid. After drug delivery, the catheter was 
removed and excess drug was washed out by removing the vascular clamp and re-establishing 
blood How before closing the arteiy. The animals were allowed to recover for 14 days before 
harvesting the common carotid arteiy. The harvested tissue was sectioned and the neointimal 
area was digitized and measured with a computer planimetery system. For each animal, 15 
measurements were averaged for the untreated segment and 15 for the treated. 

The results of this Example are found in Figure I. According to Figure 1, 
administering compound 3 of Example 1 to a damaged carotid artery reduced the neointimal 
area about 88% in comparison to the 6% reduction produced by the saline vehicle alone. 
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EXAMPLE 9 

iKB-a Kinase Assays: 

Compositions of this invention were assayed to determine their iKB-a kinase 
inhibitory activity. The human umbilical vein endothelial cell line (HUVEC) used in these 

5 studies was purchased from Clonetics (San Diego, CA) and was maintained in endothelial cell 
growth medium supplemented with 2% fetal bovine serum, lOng/ml human recombinant 
epidermal growth factor. 1 ^ig/ml hydrocortisone, 50 ^lg/ml gentamicin. 50 ng/ml 
amphotericin B and 12 ^ig/ml bovine brain extract at 3rC in a tissue culture incubator. All 
growth media and supplements were purchased firom Clonetics (San Diego, CA). E. coli 

10 lipopolysaccharide (LPS) serotype Oil 1 :B4 was purchased from Sigma (Saint Louis, Ml). All 
other chemicals were of reagent grade. 

p ^...HonnfcellLvsate : Monolayers (75 cm^) of HUVEC cells were treated with LPS 
(100 ng/ml) for 5 minutes after which the cell media was 

rapidly removed and the monolayer washed three times with ice cold PBS. The cell layer was 
15 scraped into 10 ml PBS and the cells pelleted by centrifiigation (3000 rpm, 5 min, 4°C). Cell 
lysate was prepared by incubating the cell pellet in 0.2 ml lysis buffer (20mM HEPES, pH7.3, 
50mM NaCl, lOmM MgCl,, ImM EDTA, ImM EGTA. ImM sodium orthovanadate, lOmM 
P-glycerophospate, ImM phenylmethylsulfonylfuoride, ImM dithiothreitol, 0.5% Nonidet P- 
40 for 15 minutes at 37»C for frequent vortexing. Cell debris was removed from the sample 
20 by microcentrifugation (I0,000xg, 1 5 minutes, 4»C) and the supernatant was "precleared" by 
the addition of 100 ml of a suspension of scpharose 4B in lysis buffer and mixing gently for 1 
hour at 4''C. The speharose 4B beads were removed by microcentrifugation and the 
supernatant aliquotted and stored at 80°C. 
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Solid Phase iKB-g jcinase assay : 1 of GST- IicB-a, corresponding to foil length IkBkx of 
human origin, (Santa Cruz Biotechnology,) was incubated with 20 nl of a 50% slurry of 
glutathione S sepharose 43 (Pharmacia) in reaction buffer (20mM HEPES, pH7.3, lOmM 
MgCI,, 15mM P-glycerophosphate, 0.5mM sodium orthovanadate, 0.5mM EGTA) for 30 
minutes at room temperature. The GST- IicB-bead complex was the washed three times with 
0.5 ml of reaction buffer by resuspension and microcentrifogation. 10^g of HUVEC cell 
lysate protein in lOO^il of reaction buffer was then added to the GST- IicB-bead complex and 
the mixmre incubated with gentle mixing at 4°C for 1 hour. The bead complex was then 
washed three times with reaction buffer containing 0.2 M NaCl and once with reaction buffer 
alone. Finally the bead complex was resuspended in 20^1 of reaction buffer containing 5\iCi 
[y- -P]ATP (>5000 ci/mmol. New England Nuclear Corp. Boston, MA) and incubated at room 
temperature for 15 minutes. The reaction was terminated by the addition of lOul of SDS- 
PAGE sample buffer and boiled for 3 minutes before separation by SDS-PAGE (10-20% 
gradient Readygel, BioRad). Following electrophoresis the gel was fixed (50% methanol 
10% acetic acid) for 15 minutes, washed three times for 5 minutes each with distilled H2O and 
treated with 5% glycerol for 15 minutes before drying down and exposing to film for 
autoradiography (X-OMAT XAR-5 Kodak). 

In gel kinase assay: IkB-o isozymes were assayed for activity using a modification of 
previously published methods (1 1, 19, 20). Briefly duplicate samples of the IicB-glutathione 
sepharose 4B bead complex were prepared as described above and were separated by 
electrophoresis through a 12% SDS-PAGE gel which had been polymerised in the presence of 
15 fig/ml GST- iKB-a. Following electrophoresis the gel was washed gently twice for 30 
minutes each with 50mM Tris-HCI pH8.0, 5mM P-mercaptoethanol; 20% isopropanol to 
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remove SDS. Proteins were then denatured within the gel by incubation for 45 minutes in 
100ml 50mM Tris-HCl pHS.O; 5mM P-mercaptoethanol; 0.04% Tween 40. The gel was then 
cut in half to separate the duplicate samples, one half was incubated in 10 ml reaction buffer 
alone and the other in 10 ml reaction buffer containing lO^ig/ml of 2-diethanolamino-6(4- 

5 phenyl anilino)-9-isopropyl purine (compound 6 of Example 2) for 1 hour at room 
temperature which 10^Ci[y-^^ P]ATP was added and the incubations continued for a further 
hour at room temperature. The gels were then subjected to multiple 15 minute washes of 
100ml each 5% trichloroacetic acid containing 1% sodium pyrophosphate until 1 ml of wash 
solution gave close to background radioactivity. The gels were then dried down and exposed 

10 to file for autoradiograhy. 

Preparation of 2'diethanolamino-6-(4-DhenvbenzvlaminoV9-isopropvl pu rine Epoxv activated 
Sepharose 6B Affinitv Matrix. Freeze dried epoxy activated Sepharose 6B (Pharmacia LKB, 
Piscataway, NJ) was chosen for the coupling reaction due to its ability to form an ether bond 
between an hydroxyl-containing ligand and the epoxide group on the sepharose. The gel was 

15 swollen according to the manufacturer's instructions, (lOOmg) of compound 6 of Example 2 
was dissolved in 1ml coupling solution (1.2:1 v/v dimethylformamide : O.IN NaOH) and 
mixed with 0.5ml of swollen gel at pH 10-11 for 72 hours at room temperature with gentle 
agitation. Excess reactive groups were blocked with IM ethanolamine for 4 hours at 50**C 
and the gel slurry was poured into 1 ml syringe column. The resin was activated with three 

20 alternating cycles of twenty column volumes each of pH 4.0 (O.IM acetate, 0.5M NaCl) and 
pH 8.0 (O.IM Tris-HCl, 0.5M NaCl) buffers followed by twenty column volumes of reaction 
buffer (20mM HEPES, pH7.3, lOmM MgCl^, 15mM p-glycerophophate, 0.5mM sodium 
orthovanadate, 0.5mM EGTA), The column was stored at 4°C in reaction buffer containing 
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0.5% sodium azide and regenerated prior to each use with alternating cycles of low and high 
pH as described above. 

Activated HUVEC cell lysate (500ng protein in 1ml reaction buffer) was passed over 
the CVT-1545 sepharose matrix sequentially five times and the flow through was saved 
(unbound material). The matrix was then washed three times with 1ml of reaction buffer 
(wash 1-3) then three times each with reaction buffer containing 0.5M NaCl (eluate 1-3). 
Aliquots (20|il from 1ml) of each sample were assayed for their ability to phosphorylate at 
GST- iKB-sepharose bead complex and analyzed by SDS-PAGE as described above. 
Assav of affinitv enriched iKB-a kina-se The bulked 0.5 M NaCl eluates from the affinity 
matrix were used as the source of enzyme for development of an IkB-c kinase filter assay. 
Each reaction contained affinity enriched iKB-a kinase (l^ig protein), lOng GST IicB-a kinase 
and 0.5nCi[y-"P]ATP (>5000 Ci/mmol, New England Nuclear Corp, Boston, MA) in 20^1 
reaction buffer. The reaction was incubated for 15 minutes at room temperature and was 
terminated by the addition of 2|xl 0.5M EDTA. Reaction mixtures were blotted onto 
phosphocellulose disks (Gibco BRL Life Technologies, Gaithersburg, MD) and the filters 
washed three times with 0.1 5M phosphoric acid with gentle shaking for 15 minutes (up to ten 
filters were washed with 300 ml of 0.1 5M phosphoric acid.) Following a third wash the filters 
were air dried, added to scintillation fluid and assayed by liquid scintillation spectrometry. 
Electrophoretic Mobility Shift Assav : Nuclear extracts were prepared using a high-salt buffer 
extraction procedure. 10 pmol of double stranded NF-kB consenses oligonucleotide (5'- 
AGTTGAGGGGACTTTCCCAGGC-3') )Promega) was 5' end labeled with 5pCi [y-"P]ATP 
(>5000 Ci/mmol, New England Nuclear Corp, Boston, MA) by incubaton with T4 
polynucleotide kinase for 1 hr at 37°C. Unincorporated nucleotides were removed by pasing 
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the reaction mixture over 1ml Sephadex G-5-spin column. Binding assays were performed at 
room temperature for 1 hr and consisted of lO^g nuclear extract protein, l^ig salmon sperm 
DNA, and 5x10* cpm of labeled consensus of oligonucleotide in the presence and absence 
of fifty fold unlabeled oligonucleotide. DNA-protein complexes were resolved by 8% non 
denaturing polyacrylamide gel electrophoresis, the gels were dried onto filter paper and 
visualized by autoradiography. 
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What we claim is: 

1. A 2,6,9-trisubstituted purine composition of matter having the following 
fomiula: 




R, is halogen or R^-X wherein X is a amino, oxo, thio, or sulfone moiety. 

R'l is a lower alkyl, substituted lower alkyl, cycloalkyl, substituted cycloalkyl, 
cycloheteroalkyl, substituted cycloheteroalkyl, aryl, substituted aryl, heterocycle, hetaryl, 
substituted hetaryl, aralkyi, heteroaralkyl, heteroalkyl, alkyl alkenyl, alkyl alkynyl, alkyl 
cycloalkyl, or alkyl cycloheteroalkyl, each having from 1 to 20 carbon atoms; 

R, is hydrogen, or hydrocarbon compound selected from the group lower alkyl, 
substituted lower alkyl, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heterocycle, 
hetaryl, substituted hetaryl, aralkyi, heteroaralkyl, heteroalkyl, alkyl alkenyl, alkyl alkynyl, 
alkyl cycloalkyl, or alkyl cycloheteroalkyl wherein each hydrocarbon compound has from 1 to 
20 carbon atoms; 

Rj is halogen, hydroxyl, thio, alkoxy, alkylthio, lower alkyl, -NR^R 5 or a component 
having the formula: 



SI 
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where m=l-3, n=l-3, o=l-3, Y=carbonyl, -NR4R5, hydroxyl, thiol, alkoxy, alkythio, and 
wherein R4 and R5 are each independently hydrogen, or a hydrocarbon selected from the group 
including lower alkyl, substituted lower alkyl, alkoxy, amino, amido, carboxyl, cycloalkyl, 
5 substituted cycloalkyl, heterocycle, cycloheteroalkyl, substituted cycloheteroalkyl, acyl, aryl, 
substituted aryl, aryloxy, hetaryl, substituted hetaryl, aralkyl, heteroaralkyl, alkyl alkenyl, 
alkyl alkynyl, alkyl cycloalkyl, alkyl cycloheteroalkyl, or cyano, wherein each hydrocarbon 
has from 1 to 20 carbon atoms wherein when Y is carbonyl, R'4 does not exist in the 
composition, R4^^ and R^'^ may be a single oxygen atom, R4'^' and Rj^'^ may be a single 
10 oxygen atom, and wherein when R3 is 2-hydroxyethylamino and R, is methyl, R/-X is not 
amino, 3-methyl-2-butenylamino, benzylamino, or m-hydroxybenzyl-amino, when R3 is 
2-hydroxyethylamino, when R , is isopropyl, R,'-X is not benzylamino, m- 
hydroxybenzylamino, or 3-methylbutylamino, when R3 is 2-hydroxyethylamino and R 2 is 
2-hydroxyethyl, R|*-X is not benzylamino and when R3 is selected from the group consisting 
15 of 2-propanol-2-methylamino and 2-dimethylaminoethylamino and R, is methyl, then Rj'-X 
is not benzylamino. 

2. The 2,6,9-trisubstituted purine composition of claim 1 wherein X is amino. 



5? 



wo 98/05335 



PCT/US97/13386 



3, The 2,6,9-trisubstituted purine composition of claim I wherein R3 is a 
component having the formula: 



where m=l-3, n=1.3, o=l-3, Y=carbonyl, -NR4R5, hydroxyl, thiol, alkoxy, alkythio, and 
wherein R4 and R5 are each selected from the group including hydrogen, lower alkyl, 
substituted lower alkyl, alkoxy, amino, amido, carboxyl, cycloalkyl, substituted cycloalkyl, 
heterocycle, cycloheteroalkyl, substituted cycloheteroalkyl, acyl, aryl, substituted aryl, 
aryloxy, hetaryl, substituted hetaryl, aralkyl, heteroaralkyl, alkyl alkenyl, alkyl alkynyl, alkyl 
cycloalkyl, alkyl cycloheteroalkyl, or cyano wherein when Y is carbonyl, R\ does not exist in 
the composition, R;' and R^' may be a single oxygen atom, R^^' and Rs'' may be a single 
oxygen atom. 

4. The 2,6,9-trisubstituted purine composition of claim 3 wherein R,' is selected 
from the group consisting of aralkyl and heteroarylalkyl. 

5. The 2,6,9-trisubstituted purine composition of claim 4 wherein Ri' is selected 
from the group consisting of aralkyl, unsubstituted pyridylalkyl and substituted pyridylalkyl 
and wherein R2 is selected from the group consisting of lower alkyl, substituted lower alkyl. 
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and alkyl cycloalkyl 

6. The 2,6,9-trisubstituted purine composition of claim 3 wherein R,' is selected 
from the group consisting of aryl, heterocycle, heteroaryl, substituted heteroaryl, and 
substituted aryl. 

5 7. The 2,6,9-trisubstituted purine composition of claim 3 wherein R/ is selected 

from the group consisting of aryl, unsubstituted pyridyl, substituted pyridyl, and substituted 
aryl, and Rj is selected from the group consisting of lower alkyl, substituted lower alkyl, and 
alkyl cycloalkyl 

8. The 2,6,9-trisubstituted purine composition of claim 2 wherein R3 is -NR4R5 
10 wherein R4 and R5 are each selected from the group consisting of hydrogen, lower alkyl, 
substituted lower alkyl, alkoxy, amino, amido, carboxyl, cycloalkyl, substituted cycloalkyl, 
heterocycle, cycloheteroalkyl, substituted cycloheteroalkyl, acyl, aryl, substituted aryl, 
aryloxy, hetaryl, substituted hetaryl, aralkyl, heteroaralkyl, alkyl alkenyl, alkyl alkynyl, alkyl 
cycloalkyl, alkyl cycloheteroalkyl, or cyano. 
15 9. The 2,6,9-trisubstituted purine composition of claim 8 wherein R/ is selected 

from the group consisting of aralkyl, substituted pyridylalkyl, and unsubstituted pyridylalkyl, 
Rj is selected from the group consisting of lower alkyl, substituted lower alkyl, cycloalkyl, 
and substituted cycloalkyl, R4 is a substituted lower alkyl having from 2 to 6 carbon atoms, 
and R 5 is selected from the group consisting of hydrogen, lower alkyl, substituted lower 
20 alkyl, aryl, substituted aryl, cycloalkyl, aryl cycloalkyl, heterocycle, substituted heterocycle, 
heteroaryl, substituted heteroaryl, heteroalkyl, heteroaralkyl, and substituted cycloalkyl. 

10. The 2,6,9-trisubstituted purine composition of claim 8 wherein R/ is selected 
from the group consisting of aryl, substituted aryl, pyridyl, and substituted pyridyl, R, is 
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selected from the group consisting of lower alkyl, substituted lower alkyl, cycloalkyl, alkyi 
cycloalkyl, and substituted cycloalkyl, R, is a substituted lower alkyl having from 2 to 6 
carbon atoms, and Rj is selected from the group consisting of hydrogen, lower alkyl, 
substituted lower alkyl, aryl, substituted aryl, cycloalkyl, aryl cycloalkyl, heterocycle, 
substituted heterocycle, heteroaiyl, substituted heteroaiyl, heteroalkyl, heteroaralkyl, and 
substituted cycloalkyl. 

11. The 2,6,9-trisubstituted purine composition of claim 8 wherein R,' is selected 
from the group consisting of aralkyl, pyridylalkyl, and substituted pyridylalkyl, R2 is selected 
from the group consisting of lower alkyl, substituted lower alkyl, and alkyl cycloalkyl, and R4 
and Rj are each a substituted lower alkyl having from 2 to 6 carbon atoms. 

12. The 2,6,9-trisubstituted purine composition of claim 8 wherein R,' is CHj - 
Aryl or CH^ - substituted aryl, is lower alkyl or substituted lower alkyl, and R, and Rj are 
each -CHj CHjOH , -CHR'CHjOH, or -CHj CHR'OH wherein R* is hydrogen or alkyl 
having from 1 to 6 carbon atoms. 

13. The 2,6,9-trisubstituted purine composition of claim 12 wherein R, is 
isopropyl. 

14. The 2,6,9-trisubstituted purine composition of claim 8 wherein R,' is selected 
from the group consisting of aryl, substituted aryl, pyridyl, and substituted pyridyl, R, is 
selected from the group consisting of lower alkyl, substituted lower alkyl, and alkyl 
cycloalkyl, and R4 and R, are each a substituted lower alkyl having from 2 to 6 carbon atoms. 

15. The 2,6,9-trisubstituted purine composition of claim 8 wherein R,' is aryl or 
substituted aryl, Rj is lower alkyl, or substituted lower alkyl, and R < and R j are each 
CH,CH,OH , -HR'CHjOH, or -CHjCHR'OH wherein R' is hydrogen or alkyl having from 1 
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to 6 carbon atoms. 

16. The 2,6,9-trisubstituted purine composition of claim 15 wherein Rj is 
isopropyl. 

17. The 2,6,9-trisubstituted purine composition of claim 8 wherein R,' is benzyl 
5 substituted with a halogen, alkoxy, phenyl, pyridyl or nitro group, Rj is isopropyl, and R 4 and 

R5 are each -CH^CH^OH. 

18. The 2,6,9-trisubstituted purine composition of claim 8 wherein R,' is phenyl 
substituted with a halogen, alkoxy, phenyl, pryidyl or nitro group, R2 is isopropyl, and R4 and 
R5 are each -CH^CHjOH. 

10 19. The 2,6,9-trisubstituted purine composition of claim 8 wherein R^ ' is biphenyl, 

R, is isopropyl, and R4 and R5 are each -CH2CH2OH. 

20. The 2,6,9-trisubstituted purine composition of claim 8 wherein R,' is selected 
ftx)m the group consisting of 3-thiomethoxyphenyl, 4-thiomethoxyphenyl 4-bromophenyl, 4- 
phenylbenzyl, 4-methoxybenzyl, 4-biphenyl, 3-methoxybenzyl, 4-(2-thienyl)benzyl, 4-(4- 

15 methyl)phenylbenzyl, 4-(4-trifluoromethyl)phenylben2yl, 4-(4-nitrilo)phenylbenzyl, 4-(2- 
pyridinyl)benzyl, piperonyl, 3-methoxbenzyl, 4-chlorobenzyl, and 4-nitrobenzyl, R^ is 
isopropyl, and R4 and R5 are both CHjCHjOH. 

21. The 2,6,9-trisubstituted purine composition of claim 20 wherein Ri' is 4- 
methoxybenzyl. 

20 22. The 2,6,9-trisubstituted purine composition of claim 20 wherein R', is 4- 

phenylbenzyl. 

23. The 2,6,9-trisubstituted purine composition of claim 20 wherein Rj is 4- 
methoxybenzyl. 
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24. The 2,6,9-trisubstituted purine composition of claim 20 wherein R', is 4- 
biphenyl. 

25. The 2,6,9-trisubstituted purine composition of claim 20 wherein R\ is 3- 
methoxybenzyl. 

5 26. The 2,6,9-trisubstituted purine composition of claim 20 wherein R', is 4-(2- 

thienyl)benzyl. 

27. The 2,6,9-trisubstituted purine composition of claim 20 wherein R', is 4-(4- 
methyl)phenylbenzyl. 

28. The 2,6,9-trisubstituted purine composition of claim 20 wherein R', is 4-(4- 
1 0 trifluoromethyl)phenylbenzyl. 

29. The 2,6,9-trisubstituted purine composition of claim 20 wherein R*, is 4-(4- 
nitrilo)phenylbenzyl. 

30. The 2,6,9-trisubstituted purine composition of claim 20 wherein R', is 4-(2- 
pyridinyl)benzyl. 

15 31. The 2,6,9-trisubstituted purine composition of claim 20 wherein R', is 

piperonyl. 

32. The 2,6,9-trisubstituted purine composition of claim 20 wherein R', is 3- 
thioniethoxphenyl. 

33. The 2,6,9-trisubstituted purine composition of claim 20 wherein R', is 4- 
20 thiomethoxyphenyl. 

34. The 2,6,9-trisubstituted purine composition of claim 20 wherein R\ is 4- 
bromophenyl. 

35. A cationic salt of the composition of claim 1 . 
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36. An acid addition salt of the composition of claim 1 . 

37. A method for inhibiting cell proliferation in mammals comprising 
administering a therapeutically effective amount of the composition of claim 1 to the 
mammal. 

38. The method of claim 37 wherein the therapeutically effective amount ranges 
from about 0.001 to about 100 mg/kg weight of the mammal. 

39. The method of claim 37 wherein the composition is administered to a mammal 
suffering from a cell proliferation disorder selected from the group consisting of rheumatoid 
arthritis, lupus, type I diabetes, multiple sclerosis, cancer, restenosis, host graft disease, and 
gout. 

40. The method of claim 39 wherein the cell proliferation disorder is restenosis. 

41 . The method of claim 39 wherein the cell proliferation is disorder cancer. 

42. The method of claim 39 wherein the cell proliferation disorder is polycystic 
kidney disease. 

43 . The method of claim 39 wherein the mammal is a human. 

44. A pharmaceutical composition of matter comprising the composition of claim 
1 and one or more pharmaceutical excipients. 

45. The pharmaceutical composition of matter of claim 43 wherein the 
pharmaceutical composition is in the form of a solution. 

46. The pharmaceutical composition of matter of claim 43 wherein the 
pharmaceutical composition is in the form of a tablet. 

47. An antifungal agent useful for treating fungal infections in humans, and 
animals comprising the composition of claim 1. 




wo 98/05335 PCT/US97/13386 

/// 




SOBSmUIE SHEET (RUlE2fi) 



INTERNATIONAL SEARCH REPORT 



Ittteroatioiial application No. 
PCT/US97/13386 



[T; CLASSIFICATION OF SUBJECT MATTER 
IPCre^ Please Sec Extra Sheet 

\^ FIELDS SEARCHED 




CAS Online 



I c. DOCUMENTS CONSIDERED TO BE RELEVANT 



I Category* 



Citation of document, with indiction. whc. >ppn>pri.»e. of tf»e ..levant passages 



Relevant to claim No. 



VESELY e. al. Inhibition of cydin-dependent Kinases by 2- 
Pari,; Analogues. Eur. J. B.oehem. 1994. Volume 224. pages 
771-786. See species 51. | ^^^^ jo-34, 40, 

42, 44-46 

us 5.508.277 A (REGNBR et 1.) 16 April 1996. Seel M,^ 41. 

Examples 1, 2 and other punne examples. j 

5-34, 40, 42 



ra Further documents are liste d in the continuation of Box C. □ 
Spttoial cttegoriM of cited documenti: 

document dofming the sn««l «! which i. «ote«uid««l 

to ba of particular relevance 

earlier document publiahed on or after the international fiUng date 



I -E* 



•0- 
.p. 



See patent family annex, 
the principle or theoiy underlying the invention 
when the document U taken atone 

document of P«ticular relev«ice; the f -^^efS^ dJr^xlt'u 
tLid.r«i to involve an .tchSination 
combined with one or more otijer " 
being obviou. to a peaon ikilled m the ert 




the pnoniy o»w» 

iDatc of the actual completion of the international search 

12 SEPTEMBER 1997 
' Commissioner of PalenU and Trademaita 

Box per 

Washington, D.C 20231 

I Facsimile No. (703)305-3230 

Fonn PCTASA/210 (second sheetXJuly 1992)* 



31 OCT 1987 _ 

Au&orizedoffic^^ 

MARK L. BERCH aco 
Telephone No. (703)308-123^ 





INTERNATIONAL SEARCH REPORT 


International application No. 






PCT/US97/13386 


C (CoQtinuation). DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


US 5,498,819 A (KANEKO et al,) 12 March 1996. See column 


1. 2. 8, 35-39. 41. 


— 


15, compound 31*33; column 16, #101; #144, and column 2, line 


43-47 


A 


5. 












3-7, 9-34, 40, 42 


X 


BRESHEARS et al. The Aminolysis Of Certain Chlorosubstituted 


1-4,8 




Purines, Journal of the American Chemical Society. 20 July 1959. 




A 


Volume 81, pages 3789-3792. See Indicated Table 2 species. 


5-7, 9-47 


X 


US 4,028,358 A (LIOTTA) 07 June 1977. See column 3 and 


1-34 




colunm 5 starting materials. 






A 






Sj-h/ 


X 


US 4,405,781 A (BADER et al.) 20 September 1983. 


See column 


1-36 




2, line 38. 






A 






37-47 


X 


WO 93/17020 Al (THE WELLCOME FOUNDATION LILITED) 


1, 2, 8, 35, 44-47 




02 September 1993. See Formula I; page 4, first full paragraph; 




A 


page 5, species a), b), c) and d). 




3-7, 9-34, 37-43 ^ 



Form PCT/ISA/210 (continuation of second sheetXJuly 1992)* 



INTERNATIONAL SEARCH REPORT 



International appltcatioo No. 
PCT/US97/13386 



A. CLASSIFICATION OF SUBJECT MATTER: 
IPC (6): 

A61K 31/52; C07D 473/40. 473/38, 473/36. 473/34. 473/32. 473/30. 473/24. 473/22. 473/20. 473/18. 473/16. 473/04 



Form PCT/ISAi710 (extra sheetXJuly 1992)* 



